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TRANSLATOR'S PREFACE 

The growth of radiotherapy is so phenomenal, and its future is 
so full of promise, that any new light on the subject is eagerly 
welcomed. 

I am therefore pleased to present l)r, Heht\s well-known work to 
English readers. It has been most favourably received on the 
Continent, and has already reached a second edition. 

Both as a physician and an electrician, />r. lielot is an acknow- 

ledged expert. I am fortunate in having his cordial co-operation 

in the production of this translation, and can only regret that the 

clearness and grace of the original are so unworthily reproduced in 

an English dress. 

\r. DKANK BUT( HER. 

EaijnG; 1005. 
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our knowledge by careful observation and original work. He has 
invented new apparatus, he has verified the instruments of measure- 
ment, he has patiently watched the sick under his care, and, 
after many endeavours, he has finally determined the technique to 
be followed in the treatment of each affection. 

To this task he has brought talents of no mean order. Aided 
by the ripe experience of Dr, Bi^seric^ who has lent him his cordial 
assistance, Dr. Belot has produced a work of great originality — 
complete, practical, and of the highest scientific importance. 

L. BROCQ. 

July, 1004. 



INTRODUCTION 

The first idea of this work was due to Dr, Brocq^ who was 
desirous of ascertaining for himself the therapeutic achievements of 
radiotherapy. For this purpose he instituted a series of experi- 
ments in his laboratory at the Hopital Broca. At that time 
radiotherapy was but little developed, at all events in France, and 
had barely issued from the stage of empiricism. 

Our knowledge of the subject was very incomplete. We had to 
learn before we could practise, and for this we turned to a great 
teacher. Dr. Beclere. He most kindly placed both his books and 
his experience at our disposal, and further allowed us to make our 
first experiments, under his own direction, in his laboratory at the 
hospital of St. Antoine. There he demonstrated his technique 
and its results, and introduced to us those instruments of exact 
measurement without which radiotherapy could never have become 
an exact science. Imbued with his wise counsels, we began our 
first independent experiments at the Hopital Broca. We took 
great pains to proceed methodically, and the results obtained soon 
showed that we were on the right road. When, at various times, 
difficult problems confronted us, it was to Dr. Beclere that we 
turned for help. We take this opportunity of expressing our 
gratitude for the invariable kindness with which he assisted us. 

Very soon the apparatus at our disposal proved insufficient. 
The number of patients increased, and a second installation became 
necessary. Dr. Brocq did all in his power to assist us in this 
matter, and we are happy to be able to thank him for the interest 
which he has shown in our work and the wise counsels which he 
has given us. 

We have also to thank Dr. Bufserii for his kindness in com- 
municating to us notes of cases treated privately by him. 

xm 



INTRODUCTION 

We have endeavoured to make this work essentially practical, 
and have added only so much technical matter as is indispensable 
to any medical man desirous of practising radiotherapy. We have 
devoted as much space as possible to its clinical application, and ' 
have limited our attention solely to the Roentgen rays, omitting all 
mention of radiations from radio-active bodies. These phenomena 
constitute a dift'erent branch of the science, which we may call 
radium-therapy. Although successful results have been reported 
with this agent, they are at present too few to warratit us in the 
expectation that radio-active substances will ever replace the 
Crookes tube. Moreover, the special rays which produce the 
therapeutic effects of radium are analogous to X-rays, and have 
similar physiological properties. 

This work is divided into three parts. 

In the first part, after giving the history of Roentgen's discovery, 
we pass in review the different forms of apparatus capable of pro- 
ducing the Roentgen rays. We shall not attempt to enumerate 
or describe all the forms, and for further details must refer the 
reader to Prq/f-iitor BoiuhariTx ' Trait*.' de Radiologic Mi'dicale.' 
Instruments of measui-ement are the subject of a more careful 
study, and we close with a. review of the properties of the Roentgen 
rays and of the hypotheses as to their nature. 

The second part opens with a study of the nature of the radia- 
tions from an X-ray tube. After having shown that it is the 
X-rays alone which are therapeutically active, we discuss the 
principal factors which govern their application. 

The third part, purely clinical, treats of the various dermatoses 
in which radiotherapy has been employed. From the results of 
direct experiments we deduce the dosage which appears to give 
the best results. leaving for a moment the realm of dermatology 
proper, we next give an appreciation of the treatment of deep-seated 
cancer by means of the Roentgen mys. 

This work is the result of many years of radio there jieu tic practice, 
and includes reports of patients treated at the Hopital Broca from 
March, 190y, to June, 1904. />/■. BriMij is responsible for the 
diagnoses, the patients being under hissupervision. Several doubt- 
ful diagnoses were confirmed by histological examination, and many 
of the successful cases were shown at the Socicti- de Dermatologie. 
lu general the results have been very successful, and if in certain 
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cases we have not cured the patients, the treatment has in no 
instance proved detrimental. Serious accidents have been obviated 
by the methodical use of precise measurements, which has enabled 
us to attain the exact degree of reaction that we desire. 

J. BKLOT. 
Dr. Bbocq'*8 Laboratory^ 

HopiTAii Broga, 

June 1, 1904. 



The welcome which the medical profession has accorded to our 
work has necessitated the issue of a second edition a few months 
after the first. 

In this edition we have endeavoured to fill any lacunar which 
may have escaped our notice in the first, and have added several 
new illustrations. 

Further, we have taken notice of the radiotherapeutic work 
which has appeared during the last few months in France and in 
other countries. 

We have not entered into the question of deep-seated cancer, as 

we have undertaken a series of experiments on that subject, and 

hope soon to be able to give our readers the results of our personal 

experience. 

J. BEIAYV. 

iJecember, liK)4. 
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PART I 

CHAPTER I 

HISTORICAL REVIEW OF ROENTGEN'S 

DISCOVERY 

Towards the end of 1895 Professor Roentgen^ of the University 
of Wurzburg, whilst experimenting on the phenomena of the 
Crookes tube, discovered a new kind of radiation, invisible to the 
eye, but capable of affecting a photographic plate. These rays 
possessed the curious property of traversing bodies generally re- 
garded as opaque. 

Long before this, experiments had been made on the phenomena 
of electric discharge through rarified gases. Numerous discoveries 
had preceded that of Roentgeriy and it may be interesting to pass 
these rapidly in review. For this purpose we shall borrow from 
the article by M. Bertin-SanSy which appeared in Bouchard's 
^ Traite de Radiologie Medicale.** 

As long ago as the eighteenth century we meet with observations 
on the subject. The Abbi NoUet^ in studying the spark discharge 
from an electrical machine, arranged an apparatus so that the spark 
should pass through a glass globe which could be gradually ex- 
hausted. He observed a curious phenomenon : little by little, as 
the pressure in the globe decreased, the spark, a mei*e narrow 
thread of light at ordinary pressures, broadened out. 

From this he came to the conclusion that the electric fluid circu- 
lated mcnre easily in a vacuum than in air, igniting the rarified gas 
more readily. We may note in passing that the apparatus used 
by the Abb^ is in principle the same as that employed at the 
present day for the production of X-rays. 

The glass tube has been perfected in form, the sparking knobs 

1 
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have been replacetl by anode and cathode of special form, and a 
much more powerful generator of electricity is employed ; but the 
essential apparatus is still merely a closed vessel, almost exhausted 
of air, through which an electric discharge takes plaie. 

Further observations followed that of Xullel. It was found 
that as the pressure within the tube diminished the luminouft 
phenomena were modified. 

The sparks broaden out into shimmering aigrettes, which fill 
the whole space from knob to knob, without any apparent discon- 
tinuity. AVhen the gas is sufficiently rarilied, the aigrettes are 
further changed into a continuous glow. This brilliant glow which 
surrounds each knob varies !n colour with the nature of the ga» 
employed, and a dark space is seen between the knobs. 

In 1843, Al>ria of Bordeaux obtained a vacuum with a pressure 
of only 1 or 2 millimetres of mercury. The electric e^ as bia 
apparatus was called was driven by a Ruhmkorff' coil. At this 
exceedingly low pressure the appearance of the luminous phenomena 
was modilied. A dark sjmce appeared at the negative pole, while 
the glow from the positive pole spread out until it filled the rest 
of the tube. ITiis dark zone had already been described by 
FoToday. Abria was the first to obsene the alternate light 
and dark strise which occupy the whole length of the luminous 
r^on, 

Gaasiot, Spottiifurotxh; and Fernet also investigated the pheno- 
mena of stratification. 

HUtorJf, who obtained a still more perfect vacuum, was the first 
to study the character of the electric discharge through highly 
raritied gases. Gokhte'm also investigated the same subject. 

About the same time, 1879, the English physicist Sir William 
Crookfs produced still higher vacua with a pressure of only a few 
millionths of an atmosphere. In the Crookes tube the electric egg 
of the older experimenters is reduced to a simple tube of glass, the 
discharging knobs being replaced by platinum wires or aluminium 
discs. 

Under these circumstances the luminous phenomena are greatly 
modified. In the immediate neighbourhood of the cathode or 
negative pole a dark space appears, bounded on the one side by the 
cathode itself, and on the other by a luminous margin. As the 
pressure of the gas decreases, the dark zone increases in extent, 
and finally occupies the whole space between the cathode and the 
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opposite wall of the tube which acts as an anticathode, the anode 
in this case being at the side of the tube. 

The illumination which accompanies this dJschni-ge is not due 
directly to the passage of electricity, but to phosphorescence of the 
glass in the neighbourhood of the anticathode. 

To explain these phenomena Crookes propounded his theory of 
honibardnient. We quote J/, Bcrt'in'Sans. 

' According to Crooken, at the degree of rarification obtained in 
these tubes the gaseous particles are quite independent of one 
another. They can traverse a rectilinear path of finite length 
without mutual collision, ami the extent of the dark zone in front 
of the cathoile is a measure of the mean free fwith of the particles 
under the existing conditions of pressure. MiuiMm has clearly 
demonstrated that in the highest obtainable vacuum no electric 
discharge takes place. Hence we are led to believe that the 
gaseous particles still remaining in the tube are the medium of the 
discharge. On this hypothesis the discharge is a phenomenon of 
electric convection. The gaseous particles obtain a negative charge 
from the cathode, and are then repelled. Since their small number 
renders them free to follow unimpeded a rectilinear path, they 
finnlly bombard the opposite boundary of the tube. The fluo- 
rescence is the i-esutt of their moclianical action on the glass.' 

Crwikes devised various experiments to prove the truth of his 
hypothesis, among them the electric mill, which rotates under the 
impact of gaseous particles, and the mica cross which, when inter- 
posed in their path, throws a shadow on the fluorescing glass. 

This invisible stream, issuing from the cathode in a direction 
normal to its surface — a direction entirely uninHuenced by the 
position of the anode — was named by If'kikman the cathode 
rays. In opposition to Crookea' theory, fVUdnimn advanced the 
hypothesi> that these cathode rays were caused by ethereal vibra- 
tions of very short wave-length. 

"ITieir true nature has been much discussed, the prevailing 
opinion being that they are free ions, liberated by dissociation 
of the gas, charged with negative electricity, and moving with 
considerable velocity. Whether they are matter in motion, rays 
of light, or other analogous vibrations, it is certain that they carry 
a negative charge, and that their course may be deflected by 
the action of a magnet. 

Both Crookfs and Oolihtcin have studied the phenomena of 

1—2 



6 RADIOTHERAPY IN SKIN DISEASE 

the imagination,^ says M. Bertm-Sans^ ' was not so much the new 
theory of the electric discharge, as the discovery of a new procedure, 
as precise as it was unhoped-for, which enabled us to obtain a photo- 
graph of the skeleton and to perform an autopsy of the living 
body/ 

The advance was now rapid. The power of the electric generators 
was increased, induction-coils were improved, and static machines 
were gradually brought into use. In 1896, Jackson constructed 
the first focus-tube by interposing a small platinum disc in the 
path of the cathode rays. By this anangement the power of the 
tubes was considerably increased, and the duration of the exposure 
necessary to obtain a radiograph was reduced from thirty minutes 
to as many seconds. Many other scientists besides Roentgen set 
themselves to discover some theory which would explain these 
phenomena in accordance with accepted physical ideas. 

In many cases during the course of experiments with X-rays, it 
was found that these radiations set up a peculiar reaction in the 
skin of the operator'^s hands. In some instances even more serious 
accidents occurred. 

Schiffs^d Freund conceived the idea of employing this reaction 
in the treatment of disease. This was the origin of radiotherapy. 

With increased knowledge of this new form of energy, it became 
possible to measure it both qualitatively and quantitatively, and 
thus an empirical and arbitrary procedure became a true science : 
for all science is based on accurate measurement. 

We may now pass on to consider the method of producing the 
Roentgen rays. We propose to review the apparatus necessary for 
their production, and the means of measuring and regulating them, 
and finally, we shall briefly review their properties and some of the 
hypotheses which have been propounded as to their nature. 



CHAPTER II 
THE PRODUCTION OF X-RAYS 

Two things are required for the production of X-rays : 

Firstly, a source of high-tension electricity. 

Secondly, a Crookes tube — i.^, an exhausted glass vessel with 
a high vacuum. 

1. Sources of Electricity. 

In order to force an electric discharge through a high vacuum 
tube and thus produce the cathode rays which are the generators 
of the Roentgen rays, we require an electric current of high tension, 
but of small magnitude. 

Most sources of electric energy give a large current at a low 
potential. The static machine alone gives a current suitable for 
our purpose — i.^., a weak current at high potential. This then is 
the only source which can be employed directly in the production 
of Roentgen rays. 

If we wish to make use of other sources of electricity, we have to 
employ a transformer, which, as its name implies, transforms a 
large current at low potential into a small current at high poten- 
tial, or vice versa. This transformation cannot be effected without 
loss of energy. The efficiency of a transformer is measured by the 
ratio of the electric energy given out to that supplied to it. 

The typical transformer used for X-ray work is the induction- 
coil, or Ruhmkorff coil. This may be driven by a battery of 
primary cells, by accumulators, by a dynamo giving a direct current, 
or even, with a special subsidiary apparatus, by an alternating 
current. 

DIRECT SOURCES OF ELECTRIC ENERGY.— STATIC 

MACHINES. 

As is well known, there are three sources of power utilized to 
generate electric energy — viz., thermal, chemical, and electric. 

7 



10 RADIOTHERAPY IN SKIN DISEASE 

should be used every day. The plates .should be carefully wipt 
every mDming, and taken to pieces and washed with 90 per cenl 
alcohol twice a week. 

They are primed by touching one of the plates, at a little dit 
tance from the collectors, with the finger. If this is not sufli 
the tip of the finger may be dipped in amalgam and the pre 
repeated. 




Fio. 2. — Static Micsine with Eight Plates. 



Although much has been done, the static machine ha-s not yet 
attained the highest possible degree of perfection. Ledtic of 
Nantes has shown that the output of such a machine is propor- 
tional to the capacity of the condenser formed by its two plates^ 
It therefore varie-s iuversely as the distance between the 
surfaces, and directly with their dielectric coefficient. He sa^-s : 

'These conditions seem to have been generally realized by the 
makers. They have endeavoured to bring the external surfaces of 
the plates as close together as possible, and to make them of a 
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material of high dielectric eoefficiency. Stili, it seems to me that 
1 farther improvement on these lines would inci-ease the output of 
a WiinshuTst machine from ten to twenty fold. This result would 
be obt&ined bj reducing the distance between the armatures and 
br employing mica as the dielectric. Hitherto in the construction 
of Wirashurst machines the plate has to play a double part: it 
lias been at the same time the dielectric of a condenser and the 
Mipjjort of the revolving armatures. These functions should be 
Kpunited. The condensers may then be made as thin as may be 
desirable, and of any desired substani-e, such as mica. The plate, 
being merely a support, may then be made thick enough to with- 
atatid a much more rapid rotation. 

"The met^lic sectors would be attached to the inner, instead of 
(he outer surface of the plates, and covered with thin sheets of 
iniea. The brushes situated as before would collect the electric 
charge from the armatures by means of studs and metal pins passing 
through the plate. The armatures woulti in this case be separated 
merely by two thin sheets of mica and the thiimest possible layer 
of air. The strong supporting plates might revolve with great 
veio<nty, and such a machine may be expected to give results 
•hith will make this a new form of electric generator.' 

We hope that in the near future Lrduc's anticipations may be 
wlized. 



IM)ITIK(T SOLKCES (IP ELKCTRIC KNERGV. 

Induction-Co! Is. — The transformer generally used for rai.'iing 
the [wtential of an electric current is the onlinary induction op 
Auhmliorfi* coil, which is seen in most physical laboratories. This 
a|ipanitus enables us to obtain a secondary current of high potential, 
bv means of a strong primary current of small voltage. 

The phenomenon of induction was discovered by Faradat/, and 
oaj be stated as follows : 

When an electric current starts, increases, or approaches another 
rin-uit placed near it, a momentary current in the opposite direc- 
boii is induced in the latter. \Vhen on the other hand the 
primary current stops, decreases, or is moved away, a cuiTent in 
the tame direction is induced in the secondary circuit. 

A Ruhmkorff coil consists of an inner coil for the inducing 
current, and an outer coil for the induced current. 
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The farmer is composed of two or three layers of thick 'f?fnlfitf^ 
wire wound roond a cylindrical core of soft iron. This carries the 
primary current. The secondary consists of numenNis lavers of 
fine insulated wire wound outside the primary coil, the two ends 
of the wire being attached to the terminals of the j^ppwutq?, 

^Vhen the current which passes through the primanr coil is 
rendered intermittent by means of an intemiptor, it induces in 
the surrounding coils a current of high potential in the direct and 
reverse directions alternately. 

There are various differences in the appearance of these madines, 
in the methods of winding, the kind of insulation used» and the 
output of the coil, each maker having his own specialities of 
construction. 

To obtain the best results, a well-made coil should be chosen, 
with due regard to the force at disposal. Even then the coil may 
break down in consequence of a spark passing between two turns 
of the secondary and piercing the insulating material. Such an 
accident is due either to the production of too large a difference of 
potential between two neighbouring points of the outer coil, <Hr to 
reflection of the Hertzian waves arising within the coil. This may 
cause the complete or partial destruction of the coil, owing to shorts 
circuiting of the current, the resistance of the whole length of wire 
between the two points being suppressed. For radiotherapy, a coil 
should be used giving a spark of at least 10 inches, or better 
still, 12 to 14 inches. Excellent instruments are constructed by 
Rochefort and Gaifie. 

A portable apparatus is made by GaifFe, which is very convenient 
for those who require to take their machine from place to place. 
It contains a small coil, intemiptor, rheostat, voltmeter, and 
amperemeter enclosed in a neat wooden box. It is driven by three 
or four accumulators. The atonic break, invented by Carpentier, 
gives an equable illumination of the focus-tube, comparable with 
that obtained with a static machine. Its only disadvantage is the 
somewhat rapid wear of the platinum contacts. 

In order to estimate the output of a coil, the following formula 
gives the coefficient of transformation. If / and / are the currents 
in the primary and secondary coils respectively, and n and n the 
length of the two coils, 

/ _ n 
/' " n 
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I. ConUnuous Vttrrents. 

(a) Galvanic Cells. — Ordinary galvanic cells may be used I 
furnish the necessary tarrent, hut this is not a good method.,] 
Neither Bunaen cells, bichromate cells, nor even the famous two- 
fluid cells brought forward in the early days of railiography are 
of much practical use. 'ITiey are quickly polarized, extravagant in 
use, and difficult to keep in order. In case of need, when nothing 
else is available, a strong bichromate battery may be used, but the 
results obtained are not satisfactory. 

(6) Acaimulators. — Accumulators are far preferable to primary 
cells. When once charged, they are always ready for use, and 
their output is sensibly constant. The improvements recently 
made in their construction assure them a long life. Their electro- 
motive foi-ce is about 9 volts per cell, and their capacity varies 
with the si/« and surface of the plates Two batteries are required, 
each sufficient to drive the coil, in order that while one is in use 
the other may be sent to be recharged. 

(t) Cont'timous Current from the public mains, — The continuous 
current from the city supply may be employed directly. Its 
electro-motive force is practically constant, and it is always at 
hand when required. As it is usually delivered at a pressure of 
110 volts, care must be taken that the coil is constructed for this 
volt^e. 

The current through the focus-tube may be regulated by inter- 
posing an adjustable rheostat in the primary circuit, thus enabling 
us to increase or diminish the inducing current. If there is no 
public supply available, we may use a small dynamo, driven by a 
gas or petrol motor, Such an arrangement may be used to charge 
accumulators, from which the current may be supplied to the 
induction-coil. It may also be driven directly from the dynamo, 
but this is not a good arrangement. 

Whatever the souri-e of electricity, a voltmeter an<l an aperiodic 
amperemeter interposed between the coil and the inteiruptor, will 
give an approximate indication of the average strength and voltage 
of the current passing through the primary. These values may be 
kept constant during the duration of a radiotherapeutic exposure 
by means of a regulating rheostat. 
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2. Alternattng Currents — Monophase, 

The altematinff currents supplied by the public mains are not of 
suttitient tension to work a Crookes tube. 

Thoy may however I)e used for the production of X-rays by 
either of the following methods : 

The first is to transform the alteniating into a direct current, 
itid ta use the latter to drive the Ruhmkorffcoil. 

Two instruments may be used for this purpose ; electric valves 
iuid rotary transformers, or commutators. 

The electric valve is a voltmeter, one electrode of which is made 
of Aluminium and the other of any other metal. When the 
AJnininium is the cathode, the current will pass with ease. When, 
on fhe other hand, the aluminium is the anode, the current passes 
*ith great difficulty. "ITie voltmeter can then withstand a differ- 
enct of potential of from 20 volts (with acid electrolyte) up to 
IW volts (with alkaline electrolyte), without allowing a current to 
pMs. This is due to the formation of a thin protective layer of 
alumina on the anode. The electric valve thus formed only allows 
one phase of the alternating current to pass, thus producing a 
dim-t interrupted cuirent. 

For the pi-oduction of a steady continuous current, it is much 
lietter to make use of the rotary transformer. 

This consists of a motor, driven by the alternating cun'cnt 
and coupled to a dynamo, which generates a continuous current. 
The process is much simplified by the construction of the dynamo- 
courtrter. In this machine the primary is composed of a single 
(■oil. The secondary, also composed of a single coil, receives on 
one side the alternating motive current, while on the other side a 
continuous current is picked up by a svstem of collectors. 

\ second method is to use the alternating curi'cnt directly. To 
do this a special apparatus is needed to rectify the current, since 
ui alternating current as such cannot work a coil properly. The 
Ofilinary interruptor is replaced by one of a specialized form, such 
as that of \"illard or Wehnelt. 

An interrupter placed in the primary circuit of the coil may be 
<o timed that the circuit is always opened or closed during the 
same phase. The resulting effect will be the same as that of an 
int«rmpted direct current. This is the principle of Villard's 
iiitiuTuptar. 
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Under favourable circumstances it gives results as satisfactory as 
those obtained by the use of a direct current and an ordinary inter- 
niptor. It is however difficult to regulate. It needs caretiil 
synchronizing with the periodicity of the supply cun-ent, and aiiy 
slight variation of period in the mains reacts on it. 

Wehnelt's electrolytic interruptor gives similar results. Inter- 
posed in an alternating circuit, it arrests the current during I 
alternate seiniperiods. During the opposite fiemiperiod, when the J 




platinum point becomes negatively charged, the current passes 
freely. 

This apparatus has been repeatedly modiHed and improved. 
The illustration gives the modification ailopted by Galffe. The 
immersion of the platinum wire is capable of regulation, and the 
wear is automatically compensated, Simon and Caldwell have done 
away with the platinum wire entirely, using instead a gla&s tube 
with a small orifice. This appears to work well. For a further 
description the reader is referred to special works on the subject. 
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Electrolytic intemiptors have not in general answered the 
expectations which they at first excited. They are often difficult 
to regulate, and the consumption of electric force is considerable. 
On the other hand, the co-efficient of utility of a coil — i.e.9 the 
quantity of electricity supplied to the secondary circuit during a 
given time — ^is greater with electrolytic intemiptors than with most 
others. 

3. Alternating Currents— Polyphase. 

In some towns the current delivered is triphase or polyphase. 
A triphase current may be employed by using a Wehnelt's inter- 
ruptor and Delezinier's phase-separator; or the current may be 
converted into a direct one by means of an electro-generator or 
commutator, the direct current driving the coil. A polyphase 
current can only be transformed into a continuous current by 
means of a commutator. 

Interrupters. — A RuhmkorfF coil can only be used when it 
is furnished with an apparatus which will interrupt the continuous 
current a certain number of times per second. We have already 
described the two types of interruptor designed for use with 
alternating currents ; we will not, therefore, refer to them again. 

There are innumerable varieties of interruptors for continuous 
currents. The oldest of these is the trembler, but this is not 
adapted for the more powerful modem coils. At low pressures 
however Carpentier's atonic interruptor may often be used advan- 
tageously. It is a modification of the old-fashioned trembler of 
Neef, and retains his contrivance of platinum contact-points. 

The principal advantages of this interruptor are : 

(a) It has no definite period of vibration of its own, and may 
therefore be so adjusted as to give the greatest frequency of 
break compatible with the electro-motive force of the source and 
the self-induction of the primary, thus furnishing a maximum 
length of spark. 

(b) It gives an instantaneous, and therefore a very efficacious 
break. 

Interruptors may be classed under two headings — mechanical 
and electrolytic. The latter are mainly used for alternating 
currents. The former are of numerous types, which vary in 
detail. They usually consist of a small electro-motor, which works 
the mechanism that makes and breaks the circuit. They are regu- 

2 
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lated by varying the rate of rotation of the motor, thus eaabling 
us to increase or diminish the number of interruptions per second, 
and also, by means of an additional adjustment, to vary the time 
during which the current passes between the interruptions. 
Rochefort'a interruptor is a good type for a small installation. 
That of Contremoulio, made by Gaiffe, is also very good, but it 
needs a pressure of at least 30 volts. The turbine intemiptors, 
so much used in Germany, are also very satisfactory. All inter- 
ruptore, of whatever type, are very delicate and irregular in their 




Fio. 4.— Cakpentieb'8 Atonic Intkbruptor. 

action; hence the exact determination of the phenomena in a 
working coil is extremely difficult. 

Transformers with Closed Magnetic Circuit for 
Alternating Currents. — A comparatively simple arrange- 
ment for utilizing alternating currents has been devised by 
llllard. The alternating main current, at 110 volts, passes 
through a transformer with closed magnetic circuit of the 
ordinary commercial type. A pressure of about 50,000 volts is 
thus obtained between the terminals of the secondary. These are 
i-onnected to the armatures of two condensers, the other anna- 




TRANSFORMEH WITH CLOSED MAGNETIC CIRCUIT, FOK X RAYS AND 
HIGH-FREQDENCY CURRENTS. 



I 
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tures being connected to tbe Crookes tube. A Villard valve and 
a spinttTmeter are also interposed in the circuit. The discharge 
passes alternately through the tube and the valve, according to the 
direction of the current. This arrangement, though excellent in 
theorv, haa not proved of much practical value. 

The transformer was found to sulTer rapid deterioration, owing 
to the reflection of the Hertzian waves. The insulation of 
the end coils of the secondary soon broke down, rendering the 
coil useless, 

Kecently Messrs. Gaiffe have improved this arrangement by 
adding a protective system, which obviates this cause of accident. 
This has made the system of practical use, and we now consider it 
to be the ideal installation for alternating currents. 

Witli i)r. Broctj, we showetl this apparatus at the May meeting 
of the Societc de Dermatologie, and we cannot do better than 
reproduce part of the communication ; ' This new apparatus makes 
it possible to utilize an ordinary alternating current, without an 
interruptor. either for the production of X-rays or for high- 
frei|uency currents. Hitherto, if we wished to employ an alter- 
oating current, we had to use a Kuhmkoi-tf coil — i.e. a transformer 
with an open magnetic cirtuit, supplied with a special form of 
interruptor. The choice of this lay between an electrolytic inter- 
ruptor and the self- regulating interruptor of Villard, and it is 
well known how difficult it is to regulate either of these 
instruments. 

It is true that a few years ago a transformer with closed mag- 
netic circuit was made, and that this was used without an inter- 
ruptor; but, though theoretiod ly perfect, this apparatus rapidly 
deteriorated with use. M. Villard was the lirst to adopt this 
arrangement. The rajiid Ijreakdown of the end coils of the 
secondary was due to the reflected Hertzian waves. 

To guanl against these accidents we were obliged, even when 
working with high-frequency currents, to employ comparatively 
low tensions of 1.5,(HK) to 20,000 volts. The results obtained were 
not satisfactory, and even then the transfonners broke down. 
With X-rays, where a higher tension is required, the apparatus 
«oun becanie useless. 

Iliese transformers were soon abandoned, and the ordinary coils 
continued to be used. These are subject to the same dangers, but 
on account of their smaller output, they deteriorate more slowly. 
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"Oh^ doE df tbeir greatest imperfections has added to their 
t wilpn i ty ■ 

Tbe 'jre^ukrities of the interruptor, of whatever form, render ] 
'iMpiiMibfe «««n ui approximate estimate of the output of the 1 
SBWiiaiWy. Tbe great novelty in Gaifie's apparatus is a protective 
Maoifeaiait. vhkh has already been presented to the Academic 
«!■& ScMBon hy.Dr, ^Arnonvnl. This absolutely prevents the 
bnakilowit rf the instrument by arresting the reflected Hert/ian 
^A«as. It b conipoeed of various condensers and it'sistances. 

Wuar arrangeuient and magnitude are determined by considera- 
tuNBtuf tbe insulation of the coils of the primary, and the natura 
of the lki|[fa-frei)ueDcy waves which are required, 

IVmb unptv^vments have been so successful that the installatioa . 




Fio, 6. — Details op Liquid Resistance. 

inn In- t-niployed for all fomis of practical work — the condensing' 
^'Ou<■h, the effleuve, resonance, bipolar radiations, or X-rays. 

'i'htf apparatus consists of an ordinary transformer, with closed 
magnetic circuit, receiving an alternating current of 110 volts^ 
which it converts into one of 60,0<M) volts. 

The protective arrangement is thi-eefold. Firstly, there is a 
tvxlvs of condensers airanged between the poles of the secondary 
(t'on., I'lg. 6). Secondly, liquid resistances are introduced into the 
ciifuit, on either side of the transformer (Resist., Fig. 6). Finally, 
other condensers are introduced, between the liquid resistances 
and the tube {C, Fig. G). These latter are the (TJrswivai high- 
flv»|uency condensers. 

They have the further advantage of insulating the operator, and 
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venting any danger from his accidentally touching one of 
s. At the same time, they are a convenient method of 
the current which passes thi'ough the tube, 
hole appciratus is enclosed in a glass-fronted cabinet, which 
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Fig. 6. — Arrangement of the Tbansformbb. 



all danger of accident. The top is surmounted by a 
lab, to which are affixed the voltmeter and amperemeter, 
uring the primary current, a rheostat resistance interposed 
primary current, and the terminals for the high-tension 
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The pai-ts are ko ftrraiiged that the apparatus may be used at 
will for high-frecjueiuy or X-rays by simply removing the ViHard 
valves and interposing a spark-gap in their plat'e. 

This apparatus is free from danger and easily adjusted. The 
current may be regulated by merely moving the handle of the 
rheostat. It will gi^e much greater power than any which can 
possibly be required at the present time. When the apparatus of 




— Arrangkues'T of Valves, Milliahpkbkmbt&r, i 
THE Tkansforueb. 



disti-ibution has been perfected, and more power is required, it will 
only be necessary to increase the capacity of the condensei-s, which 
act OH taps to i-egulate the output. The apparatus is, moreover, 
always ready for use ; there is no trembler to get out of order, no 
mercury or petroleum to i-equire constant renewal, and no noise to 
disturb the patient and wear out the nerves of the operator. 
Let us now inquire how it is^justed for producing X-rays. 
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The current should pass in one direction only. As the alternating 
current pi-odnced by this transformer changes its polarity with each 
oscillation, one series of waves must be absortjed before reaching the 
tube. For this purpose two V'illard valves are inserted in parallel 
with the tube (1*, P', Fig. 6) in the manner indicated by V'tlhird 
himself. 
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ice it is supplied by the alternating current, it will be influenced 
^ any variation in the mains. The only possible variations bow- 
er are changes of potential and changes in the rate of alterna- 
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Apparatus. 



m. Neither of these ever varies by more than 1 per cent., and 
eir effect is therefore negligible. This is quite otherwise if 
iinary current converters are used. These depend for their effect 




Fia. 11.— PLiN or THE LowBB Shelf of the CABu.-Br. 
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Flo. 12.— Plan of the Uppbr Shelf op thb Cabinki 
ft^', Wires leading to the apark-gap; W, W, tormiuftU. 
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Bynchronism with the current, and are therefore much more 
^ible to brief variations in the main. 




Fia. 18. — Top of the Cabinet, showing Measubino Instbumbnts, 

Safety Rheostat, etc. 



This installation is equally adapted for high-frequency work. It 
\ only necessary to remove the Villard valves and insert the spark- 
ap in order to adjust it for this purpose. 
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As we have already stated, the whole of the apparatus — trans- 
former, regulators, condensers, and spark-gap — is arranged in a 
cabinet. Plate II, gives a general view of the arrangement. 

Within the cabinet are the coils of the transformer, as shown in 
Fig. 9. These should never be used outside the case. 

In Fig. 10 we give u general diagram of the installation, and 
Figs. 11 and 12 show the arrangement of the two shelves of the 
cabinet, with the connections of the transformer, condensers, resis- 
tances, etc. 

Fig. 11 also shows the springs, X, X', and the contact-plate, Z. 
The latter is attached to the door, and thus breaks the circuit 
whenever it is opened. AU danger from electric shocks is thus . 



Fio. 14.— Method 




obviated, since the apparatus cannot work unless the door is shut. 
All dangerous apparatus is thus out of the way of the operator. 

The safety -fuses, measuring instruments, and regulating apparatus 
are attached to a marble slab on the top of the cabinet, as shown 
in Fig- ". 

This new installation of Messrs, Gaift'e seems to meet all theo- 
retical requirements. We have had many opportunities of proving 
both its safety and its adaptabilitv to practical conditions. 

Nature of the Current produced by Coils and 
other Transformers. — The high-tension currents induced by 
a Ruhmkorff coil or transformer are not always in one direction. 
Firstly, a current is induced in the same direction as the inducing 
current, and then a second current in the opposite direction, in 
obedience to the ordinary law of magnetic induction. A conductor 
connecting the two terminals of the secondary is therefore traversed 
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by currents varying in direction every instant, and therefore without 
effect on a galvanometer. If however a sufficiently high resistance 
be introduced into the circuit, it is found that one current traverses 
the circuit more readily than the other. This is the * break* 
current — i.e.<, the one which travels in the same direction as the 
inducing current. If the resistance is sufficiently high, only the 
' break ' current will pass, and the inverse * make ' current may be 
ftlmost entirely neglected. If there is a gap in the secondary 
circuit, the current will continue to pass, sparking across the gap. 
Experience shows us J:hat the * break ** current sparks across the 
dielectric more easily than the * make." If now the gap be care- 
fully increased, a position will be found in which only the *' break "^ 
current can spaik across it. Such a spark-gap is said to filter the 
current, and the coil may then be said to possess a cathode and an 
anode. 

A vacuum tube whose two electrodes present different surfaces 
to the spark produces an analogous effect. The p£issage of the 
'make** current is obsti'ucted. This is the principle of Villard^s 
valve. The use of such a valve is not indispensable for the produc- 
tion of X-rays, but it protects the tube from the destructive action 
of the reverse current, and thus insures a longer life and a greater 
efficiency. No installation should be without a Villard valve, 
whether it be driven by a coil or a transformer. 

Vi I lard's Electric Valve. — The high-tension currents neces- 
sary to produce Roentgen rays can be obtained either from a static 
machine or from an induction-coil. In the latter case, we only 
require the direct or * break "^ current. In order to preserve the 
efficiency of the tube, we must prevent the passage of the inverse or 
* make** current. If the inverse current passes, both electrodes act 
alternately as an anticathode, with the result that a metallic 
deposit is formed on the inner surface of the glass, rapidly rendering 
it useless. 

BSclere^ in his article on the Villard valve, points out that 
the valve is specially useful in soft tubes of low resistance, such as 
are used in radiotherapy. 

The only method of preventing the inverse current from spoiling 
the tube is to interpose a Villard valve. This instrument entirely 
prevents the passage of the inverse current. 

The valve consists of a vacuum tube shaped like an elongated 
pear with a long stem. At either end is an aluminium electrode. 
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These diifer both in shape and in their situation relative to the 
walls of the tube. One is very long, and wound into an open 
spiral, thus presenting a large surface; the other is short and 
straight, and has a comparatively small surface. The former 
occupies the swollen portion of the tube, and is consequently at 
some distance from the glass walls; the other, situated in the 
narrower neck of the tube, is on all sides close to the glass wall. 




Fig. 15. — Spintebmstkr, with Tcbb axd Valve. 

It is convenient to designate them as the spiral electrode and the 
straight electrode respectively. 

M. Villard's investigati<His have shown that the passage (^ the 
electric current in a vacuum tube is caused by the dow of partides 
of gaseous matter towards the cathode, to take the place of those 
which have been shot out as cathode rav^s^ It is^ in &ct« the 
cathodic afflux which determines the ctunrezit. When the spiral 
electrode is the cathode, this cathodic aiffiux tonus a widespcead 
sbeai* offevin^ but little resistance to the oassa^ of the current. 
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3f, on the other hand, the straight electrode is the cathode, the 
cathodic afflux is only a narrow thread, and the resistance of 
the tube is greatly increased. In the first case, the resistance, as 
measured by the spintermeter, is equal to a spark of from 2 to 3 
millimetres in length; in the second case it is equivalent to a spark 
of some 10 centimetres. 

The Villard valve is placed in series with a Roentgen tube in 
such a manner that its spiral electrode will act as cathode for the 
direct or * break ' current. It thus allows the * break ' current 
to pass freely, whilst completely stopping the inverse or ^ make ^ 
current. 

Like all other vacuum tubes traversed by a series of electric dis- 
charges, the resistance of the Villard valve gradually increases 
as the cmrent passes. The inventor has therefore provided it with 
an osmo-mgulator, similar to those used with the X-ray tubes. 
When the resistance of the valve becomes too high, it emits cathode 
rays, and the portion of the glass directly opposite the spiral of the 
large electrode becomes fluorescent. The degree of resistance may 
be estimated approximately by the changes in the brilliancy of the 
glow. To diminish this resistance, the little platinum tube of the 
osmo-regulator should be heated for a few seconds by a spirit lamp 
or an insulated gas-jet. By this means hydrogen is introduced 
into the bulb of the valve, the vacuum is decreased, and the 
resistance of the tube is diminished. 

2. The Focus-Tube. 

The essential part of the installation is the vacuum tube, which 
transforms the high-tension current into X-rays. This tube 
generally takes the form of a hermetically-closed glass globe, having 
platinum wires sealed into the extremities to serve as electrodes. 
The air is exhausted through a side tube, which is afterwards sealed 
with the blowpipe. The electrode connected to the negative pole 
of the coil is called the cathode. It emits the cathode rays in 
a direction nonnal to its surface. The electrode connected to the 
positive pole is termed the anode. The target which is placed 
in the path of the cathode rays is called the anticathode. When 
bombarded by the cathode rays, the anticathode gives rise to the 
Roentgen rays. 

The early tubes were shaped like an elongated pear. At the 
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The potash absorbs a portion of this gas, and on gently warming, 
the ]X)tass]uiii cai-bonate thus formed fjives up the carbon dioside | 




iigain. Palladium, powdered charcoal, and many other boiiies 1 
have been utilized in a similar manner. 
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Tubes supplied with some such contrivance are termed adj ustable 
tubes, and are spei-ially useful in radiotherapy. We will return to 
this subject in a future chapter. 

Having obtained a suitable tube, we now join Up the anode to 
the positive pole of an electric generator and its cathode to the 
negative pole, and thus obtain within the tube the beautiful 
greenish glow which is the sign of the production of X-rays. 

If the connections are reversed, the tube will be bsidlv illuminated. 
Circles of a bluish tint, alternating with darker zones, will appear, 
and the heniisphere opposite the anticathode will no longer be 
illuminated by a uniform greenish glow. In this cise, to avoid 
damage to the tube, the current should be at oijce reversed bv 
ns of the commutator. If this cannot be done, the current 
must be cut off, and the two connections interchanged. The con- 
necting wires, or ' leads,' should be covered with a thick protective 
layer of niblier, to secure complete insulation. If this precaution 
is neglected, there is a risk of a severe shock being conveyed to the 
patient, since in the coui'se of a sitting these leads may come into 
contact with him. 

3. Choice of an Installation. 

The practitioner wishiny to provide himself with a ratlio- 
thera]>eutic installation is often much embarrassed by the number 
of instruments offered for his choice. It may be useful to give 
some advice on this subject. We will begin with the simplest case, 
and perhaps the most difficult— that of a,practitioner in the country 
1 a small town, where no public source of electricity isavailable. 
He may perhaps hope to work his coil by means of galvanic cells, 
but he will be bitterly disappointed, and the cells will be a constant 
source of annoyance to him. They are not a practical means of 
■apply, since they require constant recharging, and are moreover. 
»ery expensive to keep up. Accumulators are out of the question, 
since, being at a distance from any large electrical plant, he will 
be unable to get them recharged. Under these conditions, there 

but one solution : he should provide himself with a small six- 
plate static machine by a good maker. If necessary, it may be a 
portable one, which will enable him to take it to the patient's 
bedside if he cannot be moved. 

A static machine should be located in a well- ventilated room. 
tree from damp, and not too near the wall. Every morning it 

3—8 
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Hhould 1)6 cai'cfully dusted with a well-dried cloth, and from time 
to time it should be thoroughly cleaned. How is it to be driven ? 
The simplest and easiest method is by hand. If this is found too 
fatiguing, a small petrol motor may be used. If expense is no 
object, a complete electric plant maybe set up, and a small dynamo 
used to charge a battery of accumulators, from which the Ruhm- 
korff coil may be driven direct ; or it may be driven with the 
intervention of a motor. With this installation a source of electric 
energy is available which can also be utilized in various other ways. 

Practitioners in the larger towns are in a much more favourable 
position. With a public electric service for lighting, the company 
is always ready to supply the current for other purposes. In some 
of the smaller towns however it may happen that the cuiTent is 
only available in the evening, after four or five oVlock. In this 
case, unless he is content to do all his electric work at night, the 
pi'actitioner is not in any l)etter pasition than his colleague in the 
i*ountry. There is one expedient however : he may use a battery 
of aitrumulatoi-s, recharging them every evening. This may be 
done direct from the main if the current is continuous, or by means 
of a commutator if the current is an alternating one. With a little 
supervision, this rtvharging may safely be left to a servant when 
nei*essiiry. If however, there should happen to be an electric plant 
for industrial purjxxses in the neighbourhood, two sets of ac*cumu- 
lators may Ik* employed, allowing one set to be recharged there 
while the other is in use. 

Finallv, in towns where the electric current is available at all 
hourss anv varietv of machine mav be usetl at will. With a con- 
tinuous current the Kuhmkorif cx>il is undoubtedlv the best. It 
gives exi^llent results with minimum expense. If the installation 
is requinxi for radioscopy as well as for radiotherapy, a static 
machine of ten or twelve plates is preferable. It gives greater 
|H>wer, and insures a perfectly equable illumination. It is however 
more exj^nsive than the ci>iL and needs more careful handling. 

We may also use GaitTeV new txansfomier with dosed magnetic 
circuit, which does not require an interruptor. The continuous 
current must then be changed into an alternating one by means 
%^ a commutator. 

When the current at our disposal is an alternating one, the 
Huhmkorff i\>il may >till be used, but its use will cause endtesa 
anuoyaiKv. 11k' alteniatiog current mav be changed to a coq^ 
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tinuous one by means of a transformer, but this is not a very 
practical method. A specialized form of interruptor, such as 
Wehnelt's or Villard's, may be used. These allow only one phase 
of the alternating current to reach the coil. Neither of these 
instruments is very satisfactory. Wehnelf^s interruptor is irregular 
in its action, is very inconvenient, and often causes injury to the 
coils or tube, and Villard's interruptor gets out of order very easily. 
With alternating currents it is therefore preferable to employ a 
static machine driven by a small motor. 

Quite recently however a theoretically perfect appcuatus has 
been constructed, which enables us to use a current without the 
interposition of an interruptor. This is GaifFe'^s transformer, which 
in our opinion fulfils all that is claimed for it. Its only drawback 
is its comparatively high price. With this compact and elegant 
machine, better results may be obtained with an alternating current 
than any we have met with hitherto, even with a constant current. 
Thanks to subsidiary apparatus and additional instruments of 
measurement, we can always be certain of a constant result in the 
technical application of the rays. We may also use this apparatus 
for high-frequency currents. 

Some investigators assert that the pathogenetic effects of the 
X-rays vary with the source of the high-tension current which 
produces them. Others consider that untoward accidents do not 
occur when a static machine is used. 

In January, 1904, Gastou stated at a meeting of the Societe 
de Dermatologie that he had obtained successful results with a 
static machine, whereas he had often failed when an induction-coil 
was used for the production of X-rays. 

In July, 1904, Ch. Monod and Boiichet reported a case of 
epithelioma cured by radiotherapy. They say : ' Contrary to 
what has recently been stated, we hold that the static machine, 
though perhaps slightly less dangerous, is yet capable of producing 
severe radiodermatitis. The danger of such an accident is in- 
creased with the number of plates employed, and becomes almost 
inevitable when twelve, sixteen, and twenty-plate machines are 
used." 

It is very necessary that this erroneous idea should be corrected. 
The only important factor in radiotherapy is the quantity and 
quality of the X-rays themselves ; the character of their source is 
quite immaterial. This was conclusively shown by W, B, Snoxc 
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of New York, and R, J. Nunn of Savannah, at the Twelfth Annual 
Congress of the American Electro-Therapeutic Association. VVe 
might just as logically attempt to establish a diiference in the 
effect produced by ten-horse power supplied by a steam-engine, 
and the same power obtained from an electro- motor, or to distin- 
guish between the illuminating power of two twenty-candle-power 
electric lights, one supplied by a direct and the other by an 
alternating current. We will not enter further into a considera- 
tion of Mmwd and Boiichefs condemnation of the twelve-plate 
static machine. 

The therapeutic reaction depends on the quantity of X-rays 
absorbed by the skin ; this in its turn depends not only on the 
number of plates of the machine, but on the rapidity of rotation, 
the material of the plates, and the nature of the focus-tube. Of 
course, a twelve-plate machine, under the same conditions, will cause 
the emission of more X-rays in a given time than a six-plate 
machine. 

It is inadmissible, however, to say that the stronger machines 
must necessarily cause more dermatitis. 



CHAPl'ER III 

METHODS OF EXACT MEASUREMENT IN RADIO- 
THERAPY 

With apparatus such as we have described, it is possible to practise 
radiography, since it is easy to obtain X-rays in variable and un- 
certain quantities. It would be wholly impossible, however, to 
practise radiotherapy — i.e., the application of X-rays to medical 
treatment — in a scientific manner and without danger to the 
patient. For this purpose we need in addition, instruments of 
precision capable of measuring the X-rays themselves and the 
output of the apparatus which produces them. We proceed to 
describe the various instruments of mefisurement, reserving the 
consideration of the methods of application for the second part of 
this book. 

We shall borrow largely from the work of Dr. Beclere, an 
acknowledged master of the arts of radioscopy, radiography, and 
radiotherapy. 

1. Hegulating -Tubes. 

A most important desideratum in radiotherapy is the main- 
tenance of a constant vacuum in the interior of the Roentgen tube. 
As is well known, the same tube will produce a whole series of 
X-rays of different degrees of penetration, according to the rare- 
faction of the air within it. 

The higher the vacuum, the gi^eater is the resistance in the 
interior of the tube, and the less the quantity of X-rays produced. 
The higher the vacuum, the greater is the penetration of the 
X-rays — i.^., they pass more readily through the tissues without 
affecting them in any considerable degree. These penetrating 
rays do not give a black shadow of the bones on the fluorescing 
screen. 
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This advantage compensates in some measure for the high price 
charged for these tubes. 

In the course of his lectures Dr. BicUri- shows a simple con- 
trivance to demonstrate the action of this regulator. 

It is composed of an exhausted V-shaped tube, each limb of 
which is again bent outwards at right angles. The angle of the 
V is filled with mercurv, and an osnio -regulator is sealetl into the 
end of one limb. If this is raised to a red heat, hydrogen passes 
into the interior, the pi-essure is increased, and the mercury fails 
in this limb of the V tube, rising to a corresponding degi-ee on the 
other side. On removing the source of heat this action ceases. 
If now the platinum sleeve is placed in a position to protect the 
regulator tulje, and the sleeve is heated with due precautions, the 
hydrogen leaves the interior of the tube ; the mercury rises in this 
branch of the V and falls on the opposite side. 

Drisler's Focus-Tube.^i'nWci has constructed a focus- 
tube with two anodes. This is regulated by the passage of an 
electric spark. A little reservoir is attached to the side of the 
tube, and this contains the regenerating material. If the vacuum 
becomes too high, a current is passed through this side tube. The 
spark heats the regenerating material, and the resistance of the 
focus- tube is decreased. The current is led to the subsidiary reservoir 
by a special metallic wire provided with an insulating handle. 

We have not ourselves tried it, and therefore can say nothing 
as to its merits. It has, however, one disadvantage. It is only 
designed to diminish the vacuum, and is nut capable of increasing 
it, as may be done with the osmo-regulator. Moreover, when the 
focus-tube is in action it will naturally become hot, thus heating 
the material in the reservoir, and causing an undesigned decrease 
of the vacuum. 

With this mode of regeneration the focus-tube retains the 
initial amount of gas, although this becomes distributed in a 
different manner. The gas driven off from the regenerating 
material has been in the focus-tube from the time it was made 
and sealed. On the other band, the os mo- regulator introduces 
hydrogen from without, thus varying the total quantity of gas ia 
the interior of the tube. This does not occiu' with any other 
system of regulation. 

Muller's Regulating Focus-Tube. — Mnllei'ii tube ia 
similar to the preceding, A small reservoir ia attached, which ] 
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is furnished with a separate anode and cathode. On passing a 
current through this the electrodes become heated, and gas is 
evolved, causing a corresponding decrease of the vacuum. A 
special arrangement is used to obtain an automatic adjustment 
of the resistance during the action of the tube. It is doubtful, 
however, whether these results are always obtained in practice. 




Fig. 18.— MOller's Focus-Tube. 



This tube can, it is said, be hardened by connecting the positive 
lead to the spiral contained in the supplementary reservoir. 

MuUer of Hamburg also makes a large tube, the cathode of 
which is cooled by means of water circulation. With this a 
current of 5 milliamperes can readily be obtained in the tube. 

Lcevenstein of Berlin makes a tube with a somewhat similar 
system of regulation. All of these tubes work well, but their 
regulation is not nearly as perfect as that of the osmo-regulator, 
which is much to be preferred, especially in radiotherapy. 



44 RADIOTHERAPY IN SKIN DISEASE 

2. The Spintermeter. 

With the apparatus described above we can regulate the pene- 
tration of the rays. In order, however, to get the full value of 
this power of regulation we should be able to measure the 
penetration at any given moment ; or, what is the same thing, to 
measure the degree of vacuum in the tube. With a given focus- 
tube and coil there is a constant relation between the resistance 
of the tube and the penetration of the rays. The greater the 
resistance of the tube, the greater the penetration of the rays. 
The only method of deciding whether the rays are as penetrating 
to-day as they were yesterday is to compare the electric resistance 
of the tube on the two occasions. By means of an osmo-r^ulator 
we are able to adjust a tube so as to give off rays of the same 
d^ree of penetration as on a previous occasion — it may be days 
or weeks before. How may the electric resistance of a focus-tube 
be measured? While the tube is at work we may bring the 
electrophores — i.e,^ the wires which lead from the coil to the tube — 
gradually nearer to one another until a spark passes, thus short- 
circuiting the current. Like all other forces, electricity tends to 
take the easiest path, to pass where it finds least resistance. The 
spark between the two wires appears at the precise moment when 
the layer of air between them offers a less resistance than that of 
the focus-tube. If the tube-resistance is great, the spark is a long 
one, 8Uid appears when the wires are some distance apart ; if the 
resistance of the tube is small, the spark is short, and appears only 
after the wires have been brought very near together. Thus, if 
the leads are brought gradually nearer and nearer to one another, 
the length of the spark between them will be an exact measure of 
the resistance of the tube. The spark is said to be the equivalent 
of the tube-resistance, and the operation is called ' the determina- 
tion of the spark-equivalent of the tube.** If, for example, a tube 
is said to have a spark-equivalent of 3 inches, it means that the 
electric resistance of the tube is equal to the resistance of a layer 
of air 3 inches thick. In order to facilitate the measurement of 
the equivalent spark, Dr. Beclere has invented an instrument, 
which has been constructed by M. Drault. This instrument, which 
he has named the spintermeter, or spark-measure, is an indis- 
pensable adjunct to all radiotherapeutic apparatus. It consists 
essentially of a graduated metallic rod, terminated by a ball at 
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one end, and by an insulating handle at the other, working 
smoothly in a metallic tube mounted on an insulating support. 
The ball may thus be adjusted at a greater or less distance from 
a similar metallic ball, mounted on a second insulating pilleu: at a 
distance of some 10 inches from the first. The whole is supported 
on a wooden base. 

The insulated ball is attached to one lead and the adjustable 
ball to the other lead, each being joined to a pole of the coil or 
static machine which supplies the focus-tube. 




Fig. 19. — Spintermbtbr and Focus-Tube. 



The spintermeter is thus placed in the circuit which drives the 
focus-tube in parallel with the tube. If the two balls are near 
enough, a spark passes between them when the current is turned 
on. The adjustable ball is then gradually drawn back until the 
sparking becomes intermittent. The length of the spark-gap may 
dien be read off on the graduated rod. This measurement of the 
^ equivalent spark ' enables us to determine the resistance between 
the electrodes of the focus-tube. If this resistance is not the one 
required, it may be increased or diminished by means of the osmo- 
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fgulator. In order to maintain any desired resistance dui 
exposure, we proceed in the following manner : The ball; 
separated just so far as to prevent the passage of a spark, and the 
gas-jet is held in readiness to heat the osmo-regulator the moment 
the occurrence of a spark shows that the resistance is becomi 
too high. 

The length of the eijuivalcnt spark varies with the shape of 
poles of the spintermeter. If we place three spintermelers in 
parallel in the same circuit, the first having pointed tcrminiils, the 
second sphei'es of 1 centimetre diameter, and the third spheres of 
2J centimetres, we shall have for the same resistance three equiva- 
lent spark-gaps, the length of which increases with the size of the 
terminals. For the same instrument the length of the spark-gap 
is always proportional to the resistance of the tube. 

Thus tiie spintermeter, by measuring the length of spark 
equivalent to the resistance of the focus. tube, gives us an indii 
indication of the penetration of the rays issuing at any momi 
from a Roentgen tube. 

This mode of measurement was adopted in England as long 
as 1901. At a discussion in the Roentgen Society, in April, 11 
on X-ray dermatitis, allusion was frequently made to ' the parall 
spark." 

SchoUz made use of the spintermeter in his remarkable experi- 
ments on the action of X-rays on the skin in health and disease. 

In conclusion, we consider this insti-ument absolutely indispensable 
to any installation devoted to ratliotherapeutic purposes, 

3, JtatliochroiHoinctei: 
The spintermeter enables us to measure accurately the resiatai 
of a focus-tube, but it gives a very imperfect estimate of the 
ti'atioD of the rays emittett. 

Thi.s is shown by an experiment due to Dr. Margaret Sharpe. 
Two tubes were used, driven by the same electric generator and 
with the same spark-gap. Although both were placed at the same 
distance, only one of these produced an inflammatory reaction of 
the skin. The difference was clearly due to a difference in the con- 
straction of the tubes themselves, which were in fact manufactured 
by different makers. 

Two focus-tubes may differ in many respects. They may be of 
unequal size, the electrodes may be neai'er or further apart, their 
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shape mav difTer, snd the materials used in their construction may 
vary. It must be remerahered that the spark-gap gives the total 
resistance of the tube. Of this a portion only — viz., that between 
the electrodes — determines the (juality of the rays emittet! by the 
tube. How, then, is it possible to estimate the difference of two 
tubes as regards the nature and quality of their radiations ? 

A contrivance due to Benai.it enables us to answer this 
question. 

By its means the different radiations issuing from an X-ray tube 
may be arranged in the order of their penetration power, just as 
easily as the solar radiations may be separated according to their 
refrangibility. The radiochromometer enables us to determine 
with rapidity and precision the penetration power of the X-rays 
given aif by a focus-tube at any moment. 

This insti-ument is the result of BeiioUfs experiments on the 
transparency of matter to the Roentgen ray. It gives us a prac- 
tical means of classifying with precision the X-rays and other 
similar radiations. 

It has long been known that there are several kinds of X-rays 
characterized by their unequal power of penetrating more or less 
Opaque bodies, such as flesh or bones, just as the coloured rays 
composing ordinary light pass with greater or less facility through 
a red or a blue glass. Bcno'ist has given to this property the 
name of radiochrceism. 

Just as the photographer must know whether the light in his 
studio is blue or retl, so must the radiographer be able to recognise 
the character of the rays lie is using. 

Hitherto the only method of doing this has been by watching 
the general appearance of the light in the focus-tube, measuring its 
resistance by the spintermeter, or observing the contrast of shadows 
of bone and muscle on the screen. A somewhat vague classification 
of X-rays into 'soft' or slightly peneti"ating and ' hard ' or very 
penetrating rays was thus obtained. 

The radiochromometer enables us to attach to each variety 
of ray a precise numerical designation, which does not vary from 
time to time, and is independent of the personal equation of the 
observer. 

It is founded on the following principle : Given two bodies, such 
as aluminium and silver, of different atomic weights, and therefore 
«f unequal transparency to the X-rays, the ratio between the 
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transpareacies of these two bodies will vary with the penetrating 
power of the rays. Taking arbitrary numbers: supposing 
aluminium is five times as transparent as silver for soft X-rays, 
it will be ten times, twenty times, thirty times as transparent 
for T&\s of greater degrees of hardness. 

Benoist chose aluminium and silver for the materials of his 
apparatus for this reason. The transparency of silver varies but 
little with an increase in the hardness of the rays, whereas the 
transparency of aluminium increases greatly as we ascend the scale 
of penetration power. 




Flo. 20.— Rapiochbomometer op Besoist 

The radiochronionieter is formed of a disc of aluminium, divided < 
into twelve sectors, whose thickness varies from 1 to 12 miUimetre*. 
The aluminium disc is pierced by a central aprture, in which 
is placed a plate of silver Oil millimetre in thickness. The 
sectors are arranged like the figures on a clock-face, thus enabhng 
any one of them to be easily recognised by its position. No. 1 is 
in the position con-espoiiding to one o'clock. No. 12 corresponding 
to that of twelve o'clock. 

The apparatus is used either in front of a fluorescent screen or 
above a photographic plate. In eitlier case one of the sectors will 



METHODS OF EXACT MEASUREMENT 49 

match the tint of the central disc; the number of this sector will 
indicate the radiochromometric intensity of the X-rays enipioyed. 
This number will suffice to define the quality of the rays in question. 
For instance, in Fig. 21 it is found that the seventh sector 
of aluminium has the same depth of shade as the central disc. 
The X-rays employed are defined by saying that they niark seven 
d^rees on the radiochro mo meter, or that they are of thu seventh 
degree of harilness. 



Flo. 21. —Back View 
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In this manner we obtain a scale of l!2 degrees, which includes 
all the variations of penetration hitherto used. Medium rays are 
expressed by the figures 5 or (i, very hard ravs by i) or 10, and 
very soft rays by 2 or -i. The average rays emitted by radium 
correspond to 5 of this scale. 

One can easily estimate, if required, a quarter or a half degree 
on the scale: for example, suppose the central disc is brighter 
than the second sector, and darker than the third: if the tint is 
equidistant between the two sectoi-s, we read 2'5 ; but if it i* more 
□early that of the second sector, we read 2ii5. 
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A diaphragm of blackened cardboard may be used, in ordei I 
to isolate each sei^tor at will, and thus render the companson ! 
more easy- When the fluorescent screen is used this diaphragm 
is made of lead. 

A radiofhro mo metric telescope has been designed to enable 
us to observe the focus-tube during action. It consists of a thick 
copper telescopic tube, provided with a shield, which fits closely over 
the eye, and excludes all external light. The other exb-emity 
carries the radiochronio meter, in t^iitact with which is a fluorescent 
screen. A rotating diaphragm enables us to examine each sector 
successively. This instrument w pointed at the anticathode, and 
the sector is selected which best matches the central disc. The 
number of this sector will give the radiochromoraetric power of \ 
the rays. With a little practice the comparison is easily matle, 
either with a fluorescent screen or with a photogi-aphic plate. 
This instrument has given a precision to the use of the rays 
similar to that which the thermometer has conferred upon - 
medicine. 

We may now determine for any given tube the amperage and 
the spark-gap needed to produce rays of any recognised degree of i 
penetration. 

For instanoe, using the same coil and inteiTuptor, with the » 
voltage and current in the primary, a given tube will emit rays otM 
penetration No. 2 when the spark-gap is 2 centimeti-es in length ; 
it will give out rays of penetration No. 6 when the spark-gap I 
has increased to 10 centimetres ; and so on for other degrees ofM 
exhaustion. 

It is self-evident, then, that the same adjustment of the coil does^ 
not necessarily give rise to rays of the same i|uality of penetration ' 
from two different focus-tubes. As we are led to expect from the 
laws of transparency, of emission and of absorption, as described 
by Beiioist, there are very great differences in the behaviour of 
different tubes in this respect. Thus an aluminium anticathode 
will give rays of 45 degi-ecs of penetmtion, whilst a platinum 
anticathode, for the same primary current, will emit radiations of 
6 degrees. i 

.\t all events, we may rest assured that, with a given focus-tube, 
coupled to the same spintermeter, witli & constant voltage and 
amperage and the same frequency of interruption, we shall always 
obtain the same degree of hai-dness as measured by the radio^ 
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ch 1*0 mo meter, whether the experiiaeDt be repeated the next day or 
the next month. 

It is more especially in radiotherapy that we need to employ 
rays of a known and tonstaut (wnetration. The radiochro mo meter 
is therefore one of the most important instruments in an installa- 
tion for radiotherapy. 

We must remember however, that the degree of penetration 
measured by this instrument is that of the most penetrating rays 
given off by the tube at the moment of measurement. The 
radiations emanating at anv nioment from the focus-tube are 
of very varied ijuality, and not all of the same penetrating power. 
The radiochromonieter registers only the most intense of these, and 
takes no notice of the softer rays accompanying them. It measures 
the ma:simum, not the minimum, penetration. This is however, 
of only theoretical importance, and does not diminish the practical 
utility of the apparatus. 

More recently Benoixt has constructed a new model, marking 
half degrees, each plate of aluminium being only half a milli- 
metre in thickness. 

4. Th*i Chromorafi ioinetet: 

With the instruments we have already described, we can vary 
the vacuum in the focus-tube and gauge the degree of penetration 
of the issuing rays. 

We are still however ignorant of one factor — viz., the quantity 
of X-rays which are- absorbed by the surface exposed to their 
a«.-tion. 

This factor is a most important one in the practice of radio- 
therapy, for as we shall see later on, the reaction of the skin 
depeiid.s on the number of X.-rays absorbed by it. 

It was not till 1892 that any attempt was made to determine 
this factor. At the second International Congress of Electrology 
and Hadiology Dr. Giiiilo Huhknccht pi-esented an instrument of 
his own invention, which he called the ehromoradio meter. 

The invention is hosed on the law established by KleiA'ack, 
that ' the degree of reaction depends on the quantity of X-rays 
absorbed by the skin.' The instrument measures this quantity, or 
Hi all events the quantity which falls on the exposed surface. 

A photographer desirous of attaining a certaiji predetermined 
exposure, employs a sensitized pa[>er slip, which is blackened by 
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EacIi reagent consists of a quantity of the salt dissolved in some 
transparent substance, and lontained in a small capsule. This 
is placed on the patient's skin close to the spot which is to be 
irradiated. The capsule is tixed on a caid, which may be used 
for the notes of treatment, and a new capsule is required for 
each case. 

'The gmduated scale is formed by twelve of these capsules 
enclosed in a box, which preserves them from the light. These 
are all of a greenish-blue colour, which increases in intensity from 
one end of the series to the other. Each has a number, which 
indicates the quantity of rays absorbed by the capsule, according 
to a unit chosen by the inventor. This unit is indicAted by the 
letter H, 

* The siale extends from 3 H. to 24 H. 

' The mode of employing the chro mo radiometer is the follow- 
ing : A capsule is placed near the part to be treated. The 
exposure is interrupted from time to time, in order to compare 
the colour of tlie reagent with that of the scale. This is repeated 
until a tint is obtained which corresponds to the pi-ecise dose 
required. It is not necessary to complete this at one sitting. In 
the interval between two exposures however, the reagent should 
be kept in the dark. Moreover, if the first and last sitting are 
separated by a longer interval than live days, it is better to push 
the discoloration a little further, since in the interval the skin 
has had an opportunity of recovering from the impressions made 
by the Roentgen rays. 

'The quantity of rays which are required for each case is ' 
extremely variable. It varies with age, with the region of the 
body, with the presence or absence of inflammation, with the 
pathological changes, and with the object of the experimenter — 
either to produce a stimulation, a slight irritation, a depilation, or 
a destruction of morbid products, 

'The advantages of this method,* says Bidere, 'are evident. 
Its safety and facility place radiotherapy at the disposal of all 
dermatologists. It enables us to attain the exact dose with 
rapidity, without danger of exceeding it, and thus diminishes the 
duration of treatment, and prevents accidental dermatitis both in 
the patient and operator. Finally, it enables observers to compare 
their results by furnishing them with a means of measurement 
common to all. Uy its aid one can determine the exact degree of 
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reaction desirable for each pathological condition, the quantity of 
the ravs suitable for each region of the skin, for different morbid 
processes, and Tuoreftver, the relative efficacy of different modes of 
exposure, cither by large doses or by more frequent fractional doses.' 

Hohknerhfs method is equally available for measuring the com- 
plex radiations emitted by radio-active substances. It is well 
known how difficult it is to measure the radio-activity of different 
specimens of these substances. Supposing we desire to measure 
the amount of rays absorbed by the skin during an exposui* to a 
radio-ai-tivc substance. We expose a capsule of the i-eagent to the 
radio-active substance under the same conditions, and we continue 
the exposure until a degree of coloration is obtained equal to one 
of Hol-~ktteiht'ii nmis H. 

From this we may calculate how many such units would be 
absorbed in an hour. This number might be taken as indicating 
the therapeutic activity of the radio-active substance. A certain 
sample of radium, for example, may be said to give off a certain 
number of Hohknecht units per hour, just as an accumulator is 
said to furnish a certain number of amperes per hour, 

A fresh pastille is not required for each exposure. The same 
one may be used again and again, until it has attained the 
maximum degree of coloration on the scale. It may then be 
r^enerated by exposure to light, although it never quite regains 
its original tint, 

Hi'hlcmrht's apparatus is difficult to piocure and somewhat 
costly, as only twelve pastilles are supplied with the scale. We 
have therefore adoptetl a simpler method, similar to that adopted 
when lieno'tal's radiochromonieter is used. 

We determine one* for all the quantity of H. units absorbed by 
the skin in a given time with given intensity of radiation, and by 
reproducing the same conditions we can always insure the repetition 
of the same dose of rays. 

For example, for a certain distance of tube we determine once 
for all, the number of units (H.) absorbed in fifteen, twenty, twenty- 
five, or thirty minutes. Under similar conditions, and with the 
tube at the same distance, we can insure a similar absorption 
whenever required. 

These determinations might also be made for different distances 
of the anticathode. The values thus obtained Khould then be 
tabulated, so as to give the time of exposure retiuired for a 
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* irieans of comparing radiotherapeutic exposures reported by 
diflferent writers. 

iTie various technical details published in such reports are of 
scientific value only in so far as they indicate the quantity of 
^"**^ys actually absorbed. Hohknechfs method is the only one 
^b.ich records this quantity with any degree of accuracy. We 
^'^^st that this instrument will be speedily improved, and we may 
"^en obtain the convenient and accurate indicator we have sought 
s<> long. In any case, Holzknecht will always be gratefully remem- 
bered as the inventor of this most ingenious apparatus. The chromo- 
r^diometer will, we hope, in the near future do for radiotherapy 
^tat the photometer has done for photography. 

Experiments in this direction have been made by other investi- 
gators. An attempt has been made to utilize the colour changes 
which occur in barium platinocyanide, but there is always the 
difficulty of obtaining a satisfactory scale of comparison. We 
require a substance which will retain its cploration after exposure, 
otherwise the scale of comparison must be produced in water-colours, 
which leads to many complications. 

Quite recently Freund has described a new radiometer of his 
own invention, to which he ascribes some advantages over that of 
Holzkfiecht, His apparatus is based on the colour changes of 
a 2 per cent, solution of pure iodoform in chloroform. The solu- 
tion normally retains its colour unchanged for a period of forty- 
eight hours. On exposure to the action of the X-rays it changes 
colour, owing to the liberation of iodine. Its sensitiveness is so 
great that a difference of tint may be observed between two 
portions of the solution, one of which has been exposed to the 
rays for a period of three minutes, whilst the other is screened 
from their action. Freund's solution shows a change of tint in six 
minutes equal to that attained in ten minutes by Holzhnechfs 
pastilles. The glass of the containing vessel does not interfere 
with the production of these phenomena. 

We have had no personal experience of this apparatus, but it 
appears to be more delicate than that of Holzknecht. 

We have to thank M. Sabouraud for the communication of a new 
method of measurement which he has devised in collaboration with 
Dr. Noire. 

The following is a verbal transcript of his description oi Sabouraud 
and Noire s X-rav radiometer : 




• Up to the present HolzknechCn is the onlv method at our 
disposal for measuring the amount of X-rajs absorbed by the skio 
during an irradiation. It has mftny advantages. The pastilles 
are simple and convenient, and give us a measurement unattain- 
able in any other way. The method has, however, some drawbacks. 
The pastilles are a speciality, obtainable only from the maker. 
This inconvenient-e has been especially felt in France, where the 
pastilles have been unobtainable for the last six months. This 
speciality, of secret composition, is moreover of veni' high price, 
the pastilles costing two shillings each. A pastille may, it is true, 
be used more than once, but eat:h time it loses something of its 
sensitiveness and accuracy. 

' Another and a more important objection to Hohkrtechfs pastilles 
is the fact that their colour continues to grow darker for some 
time after the cessation of an esposure. At the end of an opera- 
tion, therefore, the tint does not accurately measure the amount of 
radiation absorbed. 

' Allowance must be made for the occurrence of this darkening 
subsetjuent to exposure. In the method devised by S<Aouravd 
and Xoire all these inconveniences are obviated. Barium platino- 
cyanide is the reagent used. Paperisimpregnated with this substance 
by employing an emulsion of collodion and amvl acetate. It is 
therefore of the same composition as the screens employed in 
radioscopy. This paper grows darker on exposure to the X-rays, 
the depth of colour increasing with the length of exposure. The 
tint is compared with a scale in water-colours of three degrees of 
intensity : 

' 1. The colour of the barium platinocyanide unchanged by the 
rajB. 

' 2. The tint corresponding to + H. in HoizK-iuckfs units, which 
is the smallest quantity of X-rays giving an appreciable therapeutic 
reaction. 

' S. The tint corresponding to oj H. on HohkiurhCx scale. This 
amoiuit of radiation cannot be exceeded without producing the 
initiatory signs of radiodermic erythema on the skin. 

' The following are the advantages which this barium platino- 
cyanide paper possesses over Holzknnht'K pa'^tilles : 

' 1. The process is not a secret one. Everyone may use it, and 
everyone is free to make improvements and nioditications. 

' 2. Its cost is but small. A fluorescent screen, costing a guinea. 
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can be cut into several thousand fregments, each of whii-h is 
sufficient for an exposure. 

' 3. The same fragment may even be used over and over again, 
provided it is always exposed to the action of daylight after use 
until it has regained its original colour. 

' 4. On the cessation of the esposuie, the progress of the darken- 
ing ceases at once. 

• 5. Sabourauil and Xo'ires prepared paper is more easily com- 
pared with their scale than are Hiihl-nechi's pastilles with the 
corresponding standard. 

'There ai-e however, two drawbacks to this method which are 
clearly recognised by the inventoi-s. On exposure to light, the 
paper loses colour rapidly, so that it must be immediately com- 
pared with the coloured scale, since a delay of a few minutes will 
alter its tint entirely. This disadvantage, however, only needs to 
be recognised in order to be avoided, 

'A more important drawback is that the platinocyanitle paper is 
much less sensitive than Holzknecht's pastilles. WTiereas the latter 
may be placed at the same distance as the patient from the tube, 
SfAottraiid and NoirP-f screen must be placed much nearer, in order 
to get any effect. If the anticathode is at a distance of C inches 
from the patient, the screen must bo placed ;J inches from the 
centre of the tube. This is a most important point, and must not 
be neglected. 

' This determination of the quantity of rays by means of barium 
platinocyanirle is very easily effected, and insures to both patient 
and operator a degree of safety hitherto unattainable, 

' The fact that barium platinocyanide changes colour under 
the influence of the rays has been long known. Saliouraud and 
A'o/ri^, by devising a simple scale of comparison for the changes in 
tint, have rendered it of practical utility. They have kindly pro- 
vided us with a specimen, and we hope soon to be able to test it 
practically. It is simple, and will therefore prove of great value 
to the radiotherapy of the future. 

' ITie fact that the indicator used rapidly loses its colour on 
exposure to daylight may perhaps be regarded as an objection to 
this method. 'Vhe coloured scale is diHicult to prepare, for, owing 
to the brilliancy of the platinocyanide, it is not easy to reproduce 
it» tint in water-colours, 'I'hese are, however, mere difticuItieB of 
construction, which in no wise diminish the value of the method." 



Hitherto the spintermeter has been our only means of detecting 
variations in the resistmice of the tube. The laws which gox'ern 
its action are however but little known, and it only indicates 
variationH of considerable magnitude, and moreover, only such as 
increase the resistance of the tube. It is in fact, merely a maximum 
indicator. The niilliamperemeter, on the other hand, registers 
variationM of resistance in either direction, and is thus a very 
valmible addition to our armamentarium. 

Further, Gaiffe's experiments seem to prove that with the same 
voltage in the primary and the same cuiTent in the secondary, 
different tubes will give approximately similar results, Thi.s 
obtains even with tubes of dill'ei'ent models by different makers, 
provided only that the anticathodes are of similar material and 
form, and that the glass employed is equally transparent, Gaiffe's 
apparatusalsoeuablesus to estimate the quantity of X-rays emitted 
by the tube. As long as the electrical constants and the voltage 
and amperage remain unaltered, the quantity of rays emitted will 
be the same. If the voltage and amperage are increased, the 
quantity of rays will be greater and the quality or penetration 
power will be altered at the same time. 

By means of the osmo-regulator we may adjust the focus-tube to 
give out i-ays of the original degree of penetration. Notwith- 
standing this alteration, the quantity of current through the tube 
will still be greater than it was at first, and this will be indicated 
by the millianipi-remeter. 

To make this clearer, we will suppose that we have a cun^ut 
of 2 roilliamperes in the secondary, with a pressure of 45 volts in 
the primary, while the rays are of No. 6 hardness. If the 
pi'essure in the primary is increased to 60 volts, the milliampcre- 
meter will indicate 3 milliamperes, instead of S, and the rays will 
be of No, 7 hardness. 

On heating the osmo-regulator, we may decrease the vacuum, 
until the rays, as measured by the radiochromometer, regain their 
No, (i hardness. The needle will now indicate H'o milliamperes ; 
the quantity of rays has therefore been increai^d in the ratio of 
a to 2-5. 

Although thiii instrument does not give an absolute measuientent 
uf the quantity of X-ra^'s, it is a useful means of comparing the 
amount of rays of a given degree of penetration emitted at 
different times. 
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If we may trust GaifFe^s experiments, we must admit his formula : 
* For a given degree of penetration, the quantity of X-rays emitted 
is proportional to the intensity of the current in the tube.** 

We desire to emphasize the chief advantages resulting from the 
use of the milliamperemeter : 

1. The facility with which the tube can be regulated, so as to 
give any required quantity of X-rays up to the maximum obtain- 
able, without injury to the tube. 

5i. The possibility of keeping the quantity of rays constant 
during an exposure. 

S. The ease with which data may be recorded which enable us 
to replace a tube in precisely similar conditions after any interval 
of time. 

4. The introduction of a system of measurement by means of 
which different operators can reproduce an irradiation under 
identical conditions. 

Far from supplanting earlier instruments of measurement, the 
milliamperemeter is a valuable addition to their number and 
greatly facilitates their use. 

It can be used equally well with a RuhmkorfF coil or a static 
machine. With neither of these instruments however, are we able 
to insure the constancy of the electrical conditions, consequently 
the indications of the milliamperemeter will not be as precise as it 
is when GaifFe^s generator is used. 

With a static machine, for instance, the milliamperemeter may 
show a continual change in the quantity of rays emitted, even 
when the vacuum is kept constant, and the penetration of the rays, 
as measured by the radiochromometer, is unaltered. 

In spite of these drawbacks, no radiotherapeutic installation is 
complete without this most valuable instrument. 

6. Stand aiid Focus-Tube Holder for Radiotherapy. 

JLocalizer. 

In the practice of radiotherapy in France we have, until quite 
rec*ently, been content to fix the tube on any available support, to 
place it as near as possible to the surface to be irradiated, and to 
protect neighbouring parts by means of a sheet of lead. 

The disadvantages of this primitive method of procedure are 
numerous. 
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1. It is not always easy to fix the tube in the most advantageous 
position. 

2. There is a risk of upsetting or breaking the tube. 

3. There is danger of an electric shock if the tube or the leads 
are brought too near to the patient. 

4. The protecting lead mask is heavy, fatiguing, and in many 
cases difficult to adjust. 

5. It is difficult to prevent movements of the patient, which may 
interfere with the application. 

6. It is not easy to centre the tube satisfactorily. To obtain 
the best possible results, the rays which are normal to the anti- 
cathode should fall perpendicularly on the centre of the area to be 
treated. 

7. In each case the distance between the anticathode and the 
skin should be determined by considerations of the area of the 
surface to be treated. It is very difficult to determine this distance 
accurately. 

8. The operator suffers from being constantly exposed to the 
X-rays, unless he is protected by leaden gloves and masks. 

We have devised an apparatus which obviates, at all events, 
some of these disadvantages. It is the i-esult of experiments 
made at the Broca Hospital, in Dr. Brocqs electrotherapeutic 
department. 

A Chabaud tube, of either the large or small model, is enclosed 
in an ebonite box somewhat like the tube in shape. This box is 
composed of two similar caps. The line of junction between these 
is in the plane of the anticathode (O), and they are fastened 
together by screws (U), in such a manner that they can be easily 
separated. The general appearance is that of a sphere, with 
cylindrical appendages on either side, which enclose the two 
electrodes of the tube. On the diameter at right angles to the 
cylinders are two apertures. Through one of these passes the osmo- 
regulator (N), the other (BB') allows the passage of the Roentgen 
rays. The tube is accurately centred by means of a double ad- 
justment (6.C.), so that the focus of emission situated on the 
anticathode may be exactly opposite the centre of the aperture for 
the X-rays. This is attained by means of two slides at right 
angles to one another, as shown in the accompanying illustration 
(Fig. 28). 

The aperture for the X-rays is furnished with a metal socket^ 




Fia. 28. — Bblot'8 Localizbb. (Scale, one-third.) 
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into which tubes of various lengths and diameters may be screwed. 
By their means the radiation tan be concentrated on any portion 
of the body — even the os uteri or the tongue. 

The length and section of the tubes are so proportioned as to 
give the greatest possible degree of radiation compatible with 
uniformity of illumination over the irradiated area. The relatiou 
of length to diameter is determined by two laws, which are equally 
applicable to rays of light and to X-rays. These are the law of 
the inverse s<|uare and the law of sines. 

Mathematical considerations show that a deRnitc length of the 
local izing-tu be is required for each diameter. The X-rays are 
emitted as a conical beam, and it is therefore evident that in order 
to obtain the uniform illumination of an area 8 centimetres in 
diameter, the anticathode mu^t be placed further from the skin 
than when the surface to be treated is only 1 centimetre in diameter. 
At the end nearest the antiiathode the local izing-tu be is furnished 
with a metallic diaphragm (AA'), the aperture of which is of sutji 
a size as to prevent the passage of any secondary radiations. 

Every paiiicle of matter on which the X-rays fall emits other 
rays, which are termed by Sagnuc secondary rays. These secondaiy 
rays pass in all directions, and may in their turn produce tertiary 1 
rays. 

The properties of the secondary rays are not in all points identical 
with those of the X-rays which excited them, and therefore their 
production should be obviatet! as much as possible, 

A sheet of lead covers the outside of that portion of the box 
which is exposed to the action of the X-rays, A small opening is 
left, in which a Hohknecht pastille may be placed. 'ITie localizer 
is attached by means of an aluminium support to an adjustable 
stand. 

Al! the metallic parts are in electrical connection, and ' earthed ' 
by means of the pedestal. The loL-alizer can therefore be handled 
without danger, and the patient may even press the afteiteil spot 
against the aperture of the tube, its is done in the application of 
phototherapy. The following are some of its advantages : 

1. The apparatus can he used in any direction, the patient being 
horizontal or in a sitting position. 

2. Complete protection against aitident. 

3. Complete suppression of electric discharge due to the magnetic 
field in the vicinity of the focus-tube. 
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8. The tube insures the total suppression of all X-rays which I 
are not absorbed by the skin, thus shielding both the patient and 
the operator from the danger of accidental dermatitis. 

If we desire to expose a larger surface, as in cases of pruritus, the 
shielding-tube is omitted, and the surface is exposed directly to the 
focus-tube, taking care to place this at a considerable distance from 
the skin, and to alter the position of the tube continually in a 
plane parallel to the skin. By this menns we may obtain an ex- 
tended and equable exposure. An aperture for the radiochromo- 
meter has been purposely omitted, since the observation of such a 
small surface would be impossible while the focus-tube is in action. 
In its stead we may determine the quality of the rays once for all ; 
then, by adjustment so as to obtain the same electric constants and 
the same spark-gap, we are able at any time to reproduce rays of 
the same degree of penetration. Moreover, Gaiffe's milliampere- | 
meter enables us to estimate with much greater accuracy the j 
vacuum of the tube, its resistance, and the (juality of the rays j 
which are emitted. 

With a miliiampei-emeter in the secondary circuit, observations ] 
with the radiocbro mo meter become superfluous. 

This localizing instrument is very light and easily manipulated, 
and therefore far preferable to the old - fashioned radioscopio j 
supports. 

Sahouraud uses a modification, manufactured by Messrs. Drault, J 
which is of larger size, and fits any variety of focus-tube. It < 
be used both for radioscopy and radiotherapy, but is better adapted I 
for hospital use. 

Michaml and A'rouchkol use a similar apparatus, made by Messrs, 1 
Dean of ]-X)ndon, consisting of a hemisphere of crown-glass sup- 1 
plied with application-tubes, also of crown-glass, which are made I 
to fit the various apertures of the body. This invention not only I 
localizes the rays and protects the operator, but enables one to I 
watch the action of the tube through the transparent glass. It ia J 
however heavy, and interferes with the free movement and adjust- J 
ment of the focus-tube. This induced us to construct our localize 1 
of ebonite and lead, rather than of crown-gla-ss, as we had at first I 
intended. 

A universal support, enabling the tube to be placed in anyi 
position, has been designed by Dr. Eivihi- of I'aiis, and constructed 1 
by J. Lacoste. The field of action is limited by a screen of leodJ 
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glass, and Uie focus-tube is fixed to this by two bands of leather. 
1"he disadvantage of this arrangement is the difficulty of centering 
the tube accurately. 



7. The Vuliie of the Mtectrlc Cotmtants In 

Cotnparttiff the Obie rvat to nslof Different 

A ttfhorlttea. 

In order to give the greatest possible precision to reports of 
radiotherapeutic treatment, must authors are careful to note the 
electric constanbi of their induction-eoil. Hence a belief has 
arisen that for the treatment of a given case, a certain voltage 
an<l amperage is necessary. For instance, one hears it said, 
' When the coil is used for thempeutie purposes, the current in 
the primary should be reduced to i amperes and 15 volts.' In 
1902 Gaston and Veira thus concluded their report on X-rays 
to the Societe de Dermatologie : ' The whole matter is dominated 
by the question of the amperage and voltage in the primary 
current.' 

In reality these measurements are of but little value — the ques- 
tion of importance in comparing two coils is the current and 
pressure in the secondary circuit. \Wt\i a Wehnelt electrolytic 
interruptor the anticathode may not get red-hot with a current of 
20 amperes at 220 volts, whereas, after a slight alteration in the 
adjustment of the interruptor, it may become white-hot with a 
current of only 8 ampi'res. 

When we observe such differences of output under different cir- 
cumstances when using the same coil and the same interruptor, wo 
can easily imagine what enormous variations may occur when 
different kinds of interruptor are employed, when the rapidity ot 
break is changed, when the windings of the primary and secondary 
are varied, or an alteration made in the break condensers. Tlie 
slightest variation altere the output of ft coil, even in the length of 
the leads from the condenser to the interruptor, or in the insula- 
tion of the coils of the primary. All these considerations make it 
impossible to calculate the output of a coil, or to compare it with 
any other coil of diiferent make or size. The data published by 
experimenters are only of use with the same coil and the same 
interruptor, and with the adjustment of that intermptor unaltei-ed. 
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This state of thingn is iri'eRiediable so long as iotcmiptors are 
employed. 

Messrs. Gaifl'e have yiven us the results of experiments illustrating 
this variability. 

At the same time, with the same coi) and the same tube, identical 
results were obtained from the following : 

1 ampere at S20 volts, using the Coutreuiulins-GaifFe break. 
7 amperes at 16 volts, using the Carpentier break. 
7 ampi'res at 110 volts, using a Wehnelt break. 

We must not, however, conclude that the construction of induc- 
tion-coils is wholly empirical. Although the output of a coil 
cannot be expressed by a mathematical formula, yet experience will 
enable us to foresee probable variations. 

For instance, a diminution in the number of coils in either the 
primary or the secondary circuit will diminish the coefficient of 
induction. If the other conditions remain unaltered, this will 
entail a greater expenditure of cun-eut iu the primary circuit. 

The value of the mean cun-eut only is indicated by the 
amperemeter. For a given maximum current this reading is 
higher with a small voltage, owing to the increased rapidity of 
induction. 

Whatever the intemiptor, the only important point is the 
power, measured in watts, available at the terminals of the coil. 
'ITiis will be the same, and therefore the efficiency will be the same, 
whether we employ in the primary ciivuit a current of 4 amperes at 
a pressure of 15 volts or a current of 1 ampere at 60 volts. The 
induction-coil used should be adapted to suit the conditions under 
which it is emploved, 

llie maker should mark on every coil the precise pressure and 
current which give the greatest efficiency, and these conditions 
should be carefully adhered to. 

The same cunent may be obtained in the secondary by very 
different conditions in the primarv. These may vary according to 
the pressure and cuirent available, and the nature of the electrical 
source, whether continuous or alternating, etc. In similar condi* 
tions, the best coil is that which produces the greatest result with 
the smallest expenditure of current. 

The efficiency of an induction-coil — ;.f., the wattage between the 
terminals of the secondary — should be capable of verificfttion. 
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Hitherto we have been uiiabte to measure this in a practical 
nianner. 

It is true that with Gaitte's niiUiampereiiieter we can measure 
the intensity of a high-tension current; but the difference of 
potential between the terminals of the secondary cannot be measured 
either by the Bichat and Blondlofs electrometer, or Henle s gold- 
leaf electroscope, or even by Broca's novel instrument, which 
consists of a silvered filament of ([Uartz in an electric field. 

Hence we are constrained to measure the difference of potential 
between the terminals of the primary circuit. With a transformer 
with closed magnetic circuit, we can estimate the voltage in the 
secondary from that of the primary. For a given ti-ansformer 
we ascertain once for all what voltage in the primary will give a 
certain electric pressure in the secondary. This ratio will not 
vary, so long as the apparatus is intact and in good order, since 
ill this form of generator there is no intenuptor to vitiate the 

So tar as regards the quantity of X-rays produced, the voltage 
employed is not of the first importance. Much more so are the 
differences inherent in the Crookes tubes themselves. With the 
same installation, the results may be completely altered by changing 
one focus-tube for another, even of the same patteni. 

It is still more impossible to compare the output of an induction- 
coil with that of a static machine, although botli are soui-ces 
of high-tension electricity and either may be used to produce 
X-rajs. 

Eien two static machines are not comparable. Their efficiency 
depends on their form, on the rapidity of rotation, the state of 
ini^ulation, the wear of the ebonite discs, the temperatui-e, the 
liygrometric state of the room, and many other conditions. 

In an induction-coil the frequency of the iulcn'uptions in the 
primary circuit is a factor of prime importance. Some observera 
prescribe a frequency of twenty per second. Others, with whom 
however we do not agree, assert that the efficiency of a focus-tube 
depends entirely on the frequency of emission of the X-rays, and 
therefore on the frequency of the breaic. 

The result of increasing the number of interruptions per second 
is exceedingly complicated. The number of sparks is inci-eased; 
but since the duration of the passage of each spark is dea-eased, the 
maximum current is diminished. We thus get a fall in the 
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maximum voltage of the secondary, with an increase in the number 
of iiparks, and the iltutiiination of the tube becomes more eigiiable. 
Practically the result is the same, sinc-e the increase in the frequency 
of emission is compensated for by a diminution of the length of 
each peiiod of emission. This only holds true within certain 
limits, which vary with the make of coil and interrupter. 

Of greater importance is the duration of the passage of the 
current between the interruptions. In the Contremoulins-GaifFe 
break the rapidity of rotation of the disc determines the fret|uency 
of the interruptions. By altering the adjustment of the collecting 
brushes, it is possible to increase the time during which the 
current passes between each interruption, without varying the 
speed of rotation. By this means, without altering the spark- 
frequency, we are able to increase the maximum current in the 
primary, and thus obtain a higher efficiency. If the maximum 
intensity is too great, the excess of current will merely be wasted in 
heating the primary coil. 

In publishing their results, some recent observers note the 
number of plates in the condenser. This is only of theoretic 
interest. Increasing the capacity of the condenser attached to the 
break terminals (Fizeau's condensers) above a certain point, only 
results in lowering the electro-motive force of self-induction in the 
primary. This will diminish the length of the spark -discharge. On 
the other hand, if the capacity is too small, the break will 
occur more slowly, and there will be a similar diminution of the 
spark. 

Practically the enumeration of the number of plates in the con- 
denser is useless. A kno^vledge of the capacity is important, but 
this depends not only on the number of the plates, but on their 
surface ai-ea, the thickness of the dielectric, and the shape of the 
condenser. Two condensers, pi'ecisely similar in appearance, may 
have a difference of capacity of 05, or even 1 microfarad. 

O/iilin and others attribute great importance to the degree to 
which the anticathode is heated. A cherry-red heat is the tempera- 
ture to be aimed at. It is true that the cathode is heated to 
a greater or less degree according to the number of cathode rays 
impinging on its surface. It is however very difficult to observe 
the colour accurately. It will diH'er with the nature of the anti- 
cathode, the si/e of the tube, its artificial cooling, etc. Moreover, 
in some tubes the anticathode does not become red-hot at all. 
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Information regarding the value of the electric constants is not, 
however, altogether useless. It is always of interest to know the 
details of an experiment. What we wish to emphasize is that too great 
importance should not be given to a set of figures which have no value 
except for the particular installation under consideration. The 
important feu^ors should be independent of the observer and his 
particular installation. These are, as we shall see further on, the 
quality and the qucmtity of the rays absorbed. 



CHAPTER IV 
THE THEORY OF THE ROENTGEN RAYS 

Ever since Roentgens s discovery such a host of observations have 
been made, and so many theories have been broached, that many 
are bewildered by a confusion which, after all, is more apparent 
than real. 

One hears of X-rays proper, of Sagnacs secondary rays, and of 
the spontaneous radiations of radio-active matter discovered by 
Becquerel and Curicy which are in their turn subdivided into classes 
according as they are more or less deviable in a magnetic field. 
We heai* also of cathode rays, of GoldsteirCs canal rays, of Lenard 
rays, which pass through an aluminium window in a Crookes tube, 
and of rays produced by the impact of ultra-violet light on a zinc 
plate. The number of the different radiations is legion. 

In reality we recognise two new types of radiation, and two only 
— one, that of the X-rays ; and the other, that of the cathode 
rays. There seems to be a fundamental distinction between these 
two classes, and all the new radiations discovered of late years may 
be placed in one or the other. 

We shall not discuss the cathode rays here ; we shall have to 
return to them later on in their character of generators of the 
Roentgen rays. 

In discussing the general properties of X-rays we shall quote 
from Bouchard's * Treatise on Medical Radiology.' 

Origin of X-Rays. 

It is important to determine the exact point of origin of the 
X-rays. 

J, Perrin and others proved that X-rays are produced wherever 
the cathode rays impinge on a solid body ; hence the cathode rays 
may be said to be the direct progenitors of the Roentgen rays, 
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Tomintwrh) thus explains the formation of cathode mjs in an 
exhausted tube : 

' The electric flux, starting from the anode, flows through the 
rarefied air of the tube, along the lines of force, and forniH its own 
con ducting -path of polarized radiant matter.' 

A similar phenomenon may be observed in the so-called 'electric 
phantom,' whei-e one may see the projection of tiuy jets of the 
conducting powder in a non-conducting liquid. 

In the focus-tube the electric flux is of an oscillatory character. 
Hence there is a periodic rupture of the contacts between the 
particles of the conducting niediuui, and the resulting vibrations 
become visible as a luminescent glow. The lines of force in the 
electric field embi-ace the cathodic mirror on every side, but the 
densest portion impinges on it.s concave surface and rapidly heats 
it. The consequent rise of temperature increases the rarefaction of 
the gas in the proximity of the cathode, and gives rise to Hittorrs 
'dark space,' which is due to interference. Thus the increase of 
the dark spate with a stronger current may be readily explained. 

'ITie quantity of X-rays emitted by a tube increases with the 
number of cathode rays impinging on an obstacle placed in their 
path. The nature of this obstacle is also of importance. Heavy 
metals produce X-rays better than glass. Among metals, platinum 
is the best, not only because it emits a greater number of X-rays, 
but because it is better able to resist the high temperature. 

In the usual form of focus-tube the X-rays take their origin 
from the focus-plate, a jjlate of platinum placed at the [)oint where 
the convergent rays emanating from the concave cathode meet. 
Only a small number of diffused cathode rays impinge on the walls 
of the tube, and under their action the gliuss fluoresces with a green 
wlour. The wall of the tube will not allow the cathode rays to 
pass, but permits the exit of the X-rays, with only a certain 
diminution in their intensity. The diffused cathode rays give rise 
to X-rays wJiere they strike the walls of the tube ; their quantity 
is however not sufficient to heat the tube to any great extent. 
The focTUs-plate of the anticathode may be raised to a red heat 
with impunity. If the anticathode is correctly placed at the focus 
of the cathode, only a small point of the anticathode will emit 
X-rays. The railiation of X-rays from the anticathode takes 
place in all directions, the rays forming the radii of a hemisphere, 
bounded by the plane of the anticathode. The corresponding 
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hemisphere of the focus-tube is illuminated by the cathode i-ajs 
which always accompany the X-rays. 

The emission of X-rays follows a law totally different from that 
which governs the diffusion of light from an unpolished surface. 
Gotiy at first and Roentgen afterwards showed that the intensity 
of the X-ray radiation is the same in every direction, diminishing 
only at a very oblit|ue angle. For instance, the X-i-ays issuing at 
an angle of 6° with the plane of the anticathode are of half the 
intensity of those coming off' at right angles to its surface. 

In radiotherapy it is best to make use of those X-rays which a 
emitted at right angles to the stream of cathode rays — i.e., those 
rays which are in the position which would he occupied by the 
reflected beam, if the incident cathode rays were ordinary light rays. 



Properties of X-Rays. 

The first discovery of X-rays was due to one of their most 
characteristic properties. As will be rememliered, Rueiitgen dis- 
covered them almost by accident. A Crookes tube, worked by a 
coil, was enclosed in a wooden bos. A screen covered by crystals 
of platinocyanide of barium happened to be in the neighbourhood, 
and Roentgen observed that it became luminous, just as if it were 
receiving invisible ultra-violet rays. In like manner, a photographic 
plate receivefl an impression from the new radiations. 

When an opaque object was interposed between the tube and 
the fluorescent screen, a shadow of the object appeared on the 
screen^a shadow the intensity of which varied according to the 
nature of the substance of which the opaque body wa.s composed, 

ITie Crookes tube, the interposed object, and the shadow on the 
screen, are all in one straight line; it is therefore permissible to 
assume that the rays in question issue from the C'rookes tube. 

If now we place a second object in the path of the rays which 
form the shadow, the silhouette first formed still remains visible, 
provided that the second object is not too opaque. The silhouette, 
moreover, remains unaltered in position and shape. This observation 
proves, at least apjiroximately, that X-rays are not refracted. In 
consequence of this property of rectilinear propagation through 
substances of varying degrees of density, the X-rays project a 
silhouette of an opaque body just as if it were completely isolated 
in space. The X-rays are not sensibly reflects) at the surfaces of 
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bodies on which they impinge ; and if they are <iitt'used, it must be 
in an almost imperceptible degree. 

The Roentgen rays have another most importaDt property; 
they discliarge an electrified body in their vicinity, and this 
whether the charge be positive or negative. 

Metals are not opaque to the Itoentfjen rays, as they are to rays 
of light. The more heavy metals are the least transparent to 
X-rays. Even these, however, when in thin sheets, are traverxed 
by the more penetrating rays, such as are produced by a Crookes 
tube of very high vacuum. 

Glass, which is so transparent to light, is less so to the X-rayu, 
which are absorbed by a sufficient thickness of it. 

The phenomena of absorption of these rays appears to be wholly 
independent of the crystalline structure of the matter through 
which they pass. 

The elements with high atomic weight are more opaque to the 
rays. This is the case with the ordinary heavy metals ; the lighter 
metals, with low atomic weight, are usually transparent. 

It may be said that the transparency of a body to the X-rays 
varies inversely as its atomic weight. 

The Roentgen radiations are usually Juvisible to the eye. With 
highly penetrating rays, however, one may get a faint difhised 
light, occupying a circular field of vision. The rays follow a straight 
iine through the refractive media of the eye, without suffering any 
deviation, and hence cannot produce an image on the retina. 

The path of the Roentgen rays is absolutely rectilinear. Whether 
they traverse or merely impinge on the surface of a body, they are 
more or less disseminated. The degree of this dissemination bears 
no relation to the laws of reHectiou and diffusion of light under 
similar circumstances. 

The radiations are heterogeneous in character ; those of a more 
penetrating quality are able to pass through a thin sheet of alumi- 
nium, but with some diminution of intensity. 

Roentgen rays are not reflected or refracted, and consequently 
cannot be polarized. 

According to Haga and Wind the wave-length is only a few 
thousandths of a micron, or 2,000 times smaller than a wave of 
green light. 

A pencil of X-rays in passing through matter becomes gradually 
enfeebled, but retains its rectilineal direction. Each particle of 
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matter which is struck by an X-ray emits other rays, the 
' secondary X-rays " of Sagnac, which are thus derived from the 
primary X-rays issuing from the anticathode. These secondary rays 
radiate in every direction, and may themselves give rise to tertiary 
X-rays. This dissemination is not a mere diH'usioii, but rather & 
process of partial transformation of the primary X-rays. The 
secondary and tertiary X-rays are less penetrating than the primary 
rays which produce them. 

Another most important property of Roentgen rays is their 
physiological action on the skin and on living cells — an action 
which we shall investigate later on. 



Hypotheses on the Nature of the X-rays. 

During the last seven or eight years the question of the nature 
of Roentgen rays ha.s been much discussed. 

Some time ago Bloiullot measured their rapidity of propaga- 
tion. This discovery does not positively indicate the nature of the 
rays, but it enables lis to eliminate some of the hypotheses put 
forward. 

As the result of his experiments, this eminent physicist concludes 
that the velocity of propagation of the X-rays is equal to that of 
the Hertzian oscillations. This gives them a velocity etgual to that 
of light, since a series of classical experiments, also due to BlondUtt, 
had already established the fact that the velocity of light and that 
of Hertzian waves are identical. "These results," says Ltiden 
Poiiicari, ' are of considerable importance. It would seem that two 
phenomena which are propagated with equal velocities should be 
of similar nature, or at all events that the medium of pi-opagation 
in both instances is identical. The similarity of the velocity of 
the X-rays and of light tends to prove that X-rays are phenomena 
occurring in the luminous ether, and gives no support to the theory 
that they are due to the emission of material particles. 

Biondlofn ex[>eriments do not assist us much in tmderstanding 
the mechanism of the phenomenon, of which there are several 
hypotheses. They are completely in accordance with the theory of 
Wiechcrt and Sir George Stokes, who believe the X-rays to be 
due to a succession of independent pulsations in the ether, these 
pulsations originating at the point where the cathode stream strikes 
the anticathode. They are pulsations, not continuous vibrations 
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like those which prodiu'c the onlinary ravs of the itpei-ti-uiii, but 
sudden, isolated, brief pulses in the ether, which, like those of li^ht, 
are transverse in direction. According to theoretical considera- 
tions, such rays (should travel with the same velocity as lif;ht ; 
tbey should not suli'er i-efraction or reflection, but should under 
certain ciR-umstances exhibit phenomena of diflVaction. All of 
these characteristics are presented bv lloentgen rays, which arc 
neither reflected nor refracted, but exhibit curious dittraction 
phenomena. These have been shown by Haga and W'nid, and 
more recently by the researches of Sommerf'eM. 

These analogies, however, do not absolutely prove the correct- 
ness of Stokes's hypothesis. IMihcm attributes the cau.«e of 
this mysterious radiation to longitudinal vibrations, which would, 
as he has shown, be propagated in a dielectric medium with a 
velocity equal to that of light. Another theory is that X-rays 
are due to ultra-violet radiations of very short wave-lengths — 
ultra-ultra- violet light, as it might lie termed. 

This latter hypothesis, which appears to us to be the more 
natural one, accords with Giikhttin'a conception of tlieir nature. 
As the result of a long series of exj»eriments on the phenomena of 
absorption, he comes to the conclu.tion that Kueiitgeii rayn have 
a great reseniblam^ to ultra-violet radiations. 

It is a point in favour of this la»t conception that the X-rayn 
thus readily fall into their place as varieties of phenomena already 
familiar to us. 




THE EVOLUTION OF RADIOTHERAPY 

Thk earlier experimenters with Roentgen rays were surprised to 
find a certain amount of cutaneous irritation arising in the parts 
habitually exposed to the rays. The surface of the skin became 
slightly inflamed, the hail's fell out, and itching, sometimes of 
terrible intensity, obliged the operator to discontinue his work. 
In some cases more serious lesions made their appearance. BulW 
and phlyctenula; followed the erythema, and these in turn gave 
place to deep ulceration and scarring. ITiese accidents happened 
to patients exposed to the rays during radioscopic examination, as 
welt as to the operators themselves. We must remember that in 
the year 1896 it was often necessary to make very long exposures 
in order to ensure satisfactory results, the technique of the pro- 
cedure being then in its infancy. 

About the same time the idea seems to have occurred to more 
than one experimenter to make use of this cutaneous reaction for 
therapeutic purposes. They hoped more especially to obtain 
favourable results in cases requiring epilation. The first experi- 
ments were therefore made in cases of hypertrichosis and tinea. 
Later, other cutaneous affections were treated on the principle of 
setting up a substitutive inflammation. 

It was surmised moreover, that this new variety of energy while 
traversing the body, might act on the deeper tissues. It was 
tentatively employed in cases of pulmonary tuberculosis and other 
deep lesions which proved refractory to ordinary therapeutic 
agents. 

The treatment of cutaneous diseases by irradiation with Roent- 
gen rays commenced on the Continent, and has rapidly spread. 
Reports of cutaneous affections treated, ameliorated, or cured by 
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this nietliod, soon appeai-ed in the foreign medical press. The 
Dames of Schiff", Fremiti, A'iimmel, Ka/ms'i, Unna, K'lenbock, and 
Srkuhr:, remind us that long after the discovery of lioentgrn, 
radiotherapy was practised almost exclusively by members of the 
German and Viennese schools. In 1901 Oudln asserted, 'To study 
the radio therapeutic treatment of skin diseases we must go abroad. 
France has contributed but little to the progress of this method 
of treatment.' At the present day this can no longer be said. 
In France a large number of cases have been already reported, 
and it is to France that we owe the invention of many of those 
instruments of precision which are the foundation of radiotherapy 
as an exact science. 

Many causes contributed to the late development of radio- 
therapy in France. X-rays were discovered in Vienna, and their 
technical application was more easily learnt by those who could 
profit by the experience of Roentgim himself. 

Moreover, progress was much easier for those who were familiar 
with physical phenomena and the problems of pure science. It is 
possible that the majority of French practitioners are less occupied 
with these studies than their colleagues elsewhere. 

'The delay,' says Otulhi, ' was due in a much greater measure to 
the legal asjjects of the case. In this country the medical prac- 
titioner is treated too often like a workman, and the accidents 
arising in the course of treatment are regarded as if they were 
-caused by the carelessness of a mechanic. The law pressed heavily 
on physicians who set up a dermatitis in the course of treatment 
at a time when tho.se accidents could hardly be avoided, as their 
cause was still unknown. The fear of legal prosecution, together 
with the paucity of technical instruction in the use of the 
Roentgen rays, contributed to delay the adoption of radiotherapy, 
and it remained a mere curiosity in the laboratory.' In 1901 
Oiidin condemne<l the new science in these words: ' As long as we 
remain ignorant of the agents which cause dermatitis, and until 
we are able to produce it or avoid it at will, it will be imprudent 
to practise radiotherapy, since the reaL'tton occurs long after the 
cessation of the treatment, and may then be irreparable.' 

In the evolution of radiotherapy two periods may be distin- 
guished, the empiric and the scientific. 

The fii-st extended from the date of Roentgen t discovery up to 
the year 1900 or 1901. 




Ill the course of radiographic exposures certain phenomena of ' 
reaction were observed, such as redness and loss of hair. In 1896 
Miircirse Daniel and Delormc published cases of this kind in which 
alopecia occurred, followed by dermatitis. In some cases this was 
a chronic reaction affecting the hands of the operator, as reported 
by Rkhir and Lotidt: In other cases, as shown by Thoiihion, the 
dermatitis was an acute one, purposely set up by esperimenters on 
themselves or on othei-s. This was the beginning of radiotherapy> 
Schijf BlTiA Fremiti were the fii-st to use the X-rays systematically 
as a therapeutic agent, and they published some astonishing 
results obtained by the new method. The earliest cases treated 
in their clinic|ue at V'ienna were those of hypertrichosis, tinea* J 
and other paiasitic affections of the hair iu which epilation waa ' 
desired. 

Little by little they attacked other affections of the skin, with 
very variable results. Following them, a number of derma- 
tologists — German, English, and American, together with a fewn 
French practitioners — began to practise radiotherapy, and pul> 
lishetl results which were often contradictory. 

This was the period of empiricism. 

The nature of the active agent was still unknown ; Sckiff, Frcund, 1 
and Oiid'm believing it to consist in the discharge of electricity; * 
whilst others attributed tlie results to the X-rays themselves. The 
varying vacuum in the focus-tube was ignored ; the same tube was 
used till it broke down, and the operator was surprised to find that 
different results followed treatment at the beginning and at the end 
of its life. Now and again a focus-tube would produce a terrible 
dermatitis without any apparent cause. A focus-tube was used for a 
long time without giving rise to any reaction ; it brake, and the 
new tube suddenly set up a serious dermatitis. There was great 
discussion as to the best size of the tubes, and the various means of 
preventing accidents. Many were invented, each one more useless ■ 
than the last. ■ 

The technical data were most meagre, merely the type of-^ 
induction-coil and the tension and intensity of the current in the 
primary circuit being given. The time of exposure varied in an in- 
credible manner. Some authors spoke of minutes, while others got no 
appreciable action after sittings of an Hour's duration. Some ex- 
perimenters placed the focus-tube close to the skin; others removed 
it to a considerable distance. The X-rays were applied blindly, the 
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operators knowing neither the nature of the agent they employed 
nor in what manner it acted. Radiodermatitis was greatly feared 
vhen it was unlikely to oci-ur, and occurred when all precautions had 
been taken to avoid it. Empiricism reigned supreme. There was 
no means of measurement : radiotherapy was not yet a science. 

In 1899 /-cry-Pwra and /(Hwr.T-.SVAocnAcTg- attempted to clear up 
some of the obscurities. In the Fnrinrhritte anf tiem Gebkh- iter 
Roentgni-StrtOdvn thev took the initiative, and asked the collabora- 
tion of all those who had any experience in radiotherapy. It iw, how- 
e*'er, to Kienbiick that the honour of making radiotJierapy a science 
belongs. He showed that the therapeutic effect was due solely to 
the Roentgen rays themselves, and that the electric eflleuves had 
only a secondary effect. 

K'tenbbck made a study of the focus-tube and its mode of action. 
He first demonstrated that the rays varieil in penetration according 
to the vacuum in the tube. He differentiated between the soft, the 
medium, and the hard tube. In August, 1900, as the result of 
numerous experiments, he came to the same conclusion as Striiler : 
' Soft tubes are active, hard tubes are very slightly active.' 

He established a rational method of radiotherapy, based ou his 
own experience, and studied the modifications produced in the skin 
and internal organs by the action of the X-rays, 

Otidin undertook a series of researches on the natui-e of the active 
sgent in radiotherapy. Commencing with the hypothesis that the 
preponderating influence was that of the electrical efHeuves, he 
ultimately abandoned it. As a result of conclusive experimental 
endence, he declared that the X-rays were themselves the only 
active agents, or, at all events, the principal agent, in radiothempy. 
He studied the mechanism of radiodermatitis, and prescribed a 
definite technique for radiotherapeutic treatment, which he has 
since somewhat modified. 

In 1902 SchoHz published an important work on radiotherapy, 
in which most of the questions in dispute were discussed in a 
masterly manner. 

During this time the construction of instruments was greatly 
improved. Regulating focus-tulies were made, and BenoisfH radio- 
chromoineter was introduced as a means of estimating the penetra- 
tion of the rays. 

Dr. Bidire invented the spintermeter, which gives us a measure 
of the resistance of the focus-tube, 
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Induction-coils were impi-oved, and their efficiency was increa.sed. 
New apparatus enabled us to make use of the public sourt-es of 
electrical supply, and thus the power of the X-rays generator was 
greatly increased. Static machines of better design were intro- 
duced, and soon became common. The installation of an X-ray 
apparatus became much simpler, and the irradiation obtaiued more 
unifonn. 

Lastlvi ^- Gu'uio Holzkiiecht discovered his chromo -radio meter, 
and placed us in a position to measure the exact dose of X-raya 
absorbed by the skin. 

During recent years radiotherapy has greatly developed. On all 
sides cases are reported ; cures become more numeraus and accidents 
less common. The mechanism of the action of the X-rays is being 
closely studied, as well as the histological modifications which they 
produce. They are now applied in a methodical manner in those 
cases where their use is theoretically indicated. Moreover, thanks 
to the invention of instruments of precision, different technical 
methods may be compai-ed. The practitioner may now hope to get 
identical results by following the prescribed conditions. Kadio- 
therapy has passed from the domain of empiricism to that of an 
exact science. 

To-day it is the most fashionable mode of treatment. In 
Germany, in Vienna, in Switzerland, in England, and America it is 
employed by hosts of practitioners. Some reserve it for the treat- 
ment of cutaneous disease, while others employ it in maladies of 
the most diverse nature. Competent observers have even gone so 
far as to affirm its curative action in deep-seated cancerous affec- 
tions. In our opinion its chief use is in dermato logical practice. 
In skin diseases, where other remedial measures have entirely failed, 
it frequently gives the happiest results. 

Even yet we know but little of its effects. The future, we are 
assured, holds in store for us many surprises, iind perchance many 
a disappointment. 
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It is only necessary to place a thermometer in the field of a focus- 
tube to assure ourselves that the temperature does not diffei" greatly 
ft-om that of the surrounding ajr. Patients are not sensible of any 
increase of heat, and any slight rise in tempei-ature occurring is 
much too small to affect the skin. Moreover, neither in their 
appearance nor in their mode of evolution do the results of X-ray 
dermatitis resemble oitlinary burns. 

Another hypothesis is that of Ttsla, as reported by Dr. Gilchriai, 
which attributes the destructive action not so much to the X-rays 
as to the ozone they generate. The ozone was supposed to act on 
the skin all the more energetically in consequence of its increased 
warmth and moisture. 

As Freund pointed out, this does not explain the occurrence of 
dermatitis on the back of a patient whose chest only has been 
exposed to the rays. Neither does it accord with two of the most 
fundamental properties of the X-rays — their cumulative action 
and their period of latency. Moreover, the sub-epidermic tissue is 
attacked by the X-rays, whilst the epidermis remains apparently 
normal. There is no reason why ozone should attack the deeper 
layers, while leaving the more superficial tissue intact. 

Oudbiy Barlhekmj/, and Darier, in their work on the accidents 
following the use of X-rays, entirely reject the ozone theory. 

' One of us," they say, ' for many years had studied the thera- 
peutic action of ozone, and was in daily contact with apparatus 
producing it in large quantities. He had never experienced any 
cutaneous irritation such as appeared on his akin a few weeks after 
he commenced the study of the X-rays. 

'The second objection is that a Crookes tube does not produce 
ozone unless it is connected to a condenser which is either earthed 
or connected to one of the electi-odes — conditions which do not 
obtain in ordinary X-ray exposures. Moreover, we have exposed 
ozone test-paper to the radiations from a focus-tulie for hours 
without effect. The presence of a small amount of ozone is due to 
the efHeuves from the leads attached to the coil.' 

Equally untenable is the hypothesis advanced hy Gilchrist, Ames, 
and Foveau de CoiirmeUes in 1897 — viz., that the dermatitis is due 
to the action of cathode rays. As I-enanl tias shown, these are 
totally an-ested by a thin plate of glass, although they can traverse 
a thin sheet of aluminium. The wall of the focus-tube will there- 
fore arrest them, and transfonn them into X-rays. Even if a small 



THE ACTIVE AGENT IN RADIOTHERAPY 87 

quantity of cathode rays should traverse the wall of the focus-tube, 
they would be too feeble to have any effect on the skhj. 

The supposed action of ultra-violet rays has been evoked to 
account for the phenomenon. This theory was held by Bo\i;hs, 
Stenbeck, Elliot, and others. 

It is probable, says Freitnd, that the phosphorescent glow set up 
by the impact of the cathode rays does give off a certain number 
of ultra-violet i-ays. Certain resemblances between the effects of 
X-rays and those of ultra-violet light seem to support this hypo- 
thesis. Several authors have reported curious cutaneous accidents 
due to insolation. One of the most interesting is related by 
PrqfcMnr Laniielongiie, ' At the Enfants-SIalotles several children 
showed signs of burning on those parts of their person not protected 
by clothes. The children were well shielded from direct sunshine, 
their playground being a small court which was only exposed to 
the sun from above. Investigation proved that the accidental 
scorching was due to reverberation of the sun's rays by the sand. 
On stTecning olf these by means of strontium glass the attacks of 
sunstroke were avoided.' These phenomena were due to the ultra- 
violet rays of light, and it seemed at first only natural to attribute 
the analogous effects of X-rays to the same cause. Though the 
primary action is somewhat similar to that of the ultra-violet rays, 
it is not identical, the further evolution of the skin lesion being 
quite different. 

Moreover, although ultra-violet rays are produced in the tube, 
they cannot act on the skin without traversing the glass. Now, it 
b well known that ordinary glass absorbs these rays almost 
entirely. Crown-glass is the only variety that permits their 
passage in any quantity. For this reason the lenses of photo- 
thei-apeutic lamps are usually made of quaitz. Substances which 
arrest the ultra-violet rays are quite permeable to X-rays. An 
observation of Miilkr is perfectly conclusive on this point. He was 
treating a patient for lupus vulgaris of the face. The chest 
showed signs of reaction, though it was protected by a black dress 
and a red under-bodice, Mollcr concludes fn>m this that ultra- 
violet rays are not arrested by the clothes, whereas it would be 
much more reasonable to suppose that the reaction in this case was 
due to X-rays. 

Tesla thinks the occun-ence of dermatitis is due to the disintegra- 
tion of the electrodes, and Crookes asserts that metallic particles 
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are projected from the cathode during the pa^sa^ of a current. 
The coloration of the walls of the tube seems to confirm this 
hvpothesis. Careful experiment however shows that there is 
no appreciable loss of weight in the electrodes, even after prolonged 
use. It is the interior surface of the tube which becomes coloured, 
and it is diHicult to undei-stand how metallic particles can traverse 
the thickness of the gla^s, which they must necessarily do before 
they could affect the tissues. Moreover, the presence of metallic 
particles in the skin has never been demonstrated. The histological 
researches of Gilchriit on this point gave absolutely negative results. 
Finally Oudiii studied this metallic bombardment, and found that 
even when the skin was strongly tattooed by the metallic particle.% 
DO irritation of the skin occurred such as is produced by the 
X-rays. 

These hypotheses did not long survive. In 1897 and 1898 
Gilchrist refute<l them one by one. To-day they are abandoned, 
and we have only allude*! to them in oi-der to prove their futility. 

Two hypotheses i-emain, each of them of great importance — vin., 
that the action is due to the Roentgen rays themselves, and that 
it is due to the electric discharges or efHeuves issuing frxim 
the focuB-tube. 

From 1897 to 1903 this question has been freely discussed, and 
the publications on the subject are innumerable. Physicians in 
Germany, Vienna, and France, have taken part in the discussion, 
and some authors have at different times supported totally opposite 
theories. Thus Fraimi at first maintained that the Eictive agent 
was the X-rays themselves; more recently he denied this, whereas 
at the present time he says, 'The therapeutic action is due to 
both causes — the X-rays and the electric discharges.' 

Around a focus-tube in action there is an oscillating electrostatic 
field, the intensity of which varies with the resistance of the tube 
A neighbouring body will be influenced by this field only if situated 
close to the tube, for the osiillations are damped down at a very 
short distance from it. Kord has proved the existence of an 
oscillating and alternating magnetic field around a Crookes tube, 
while according to iFArsmtval this alternating magnetic field 
produces profound perturbations in the organic tissues which it 
traverses. 

It is of the highest importance to determine whether the 
Roentgen rays themselves produce therapeutic effects, or whether 
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these are due to electrical discharges and oscillations set up by 
tubes of high vacuum. 

Haxkes as early as 1896 attributed the occuirence of burning to 
the X-rays theinaolves. A'iirinnd, Rieikr, AllnTS-Schnenbcrg, Coicl, 
Fitritler, Jutiuiinf, and Rollins, were of the same opinion, as were 
also Schiff'aad Fraind up to 1H98, In their opinion no cutaneous 
reactioD resulted as long as the tube did not emit X-rays. 
Strdier.i also made several cunimunicatious on this subject. 

In the opposing camp in the early days we find Oud'iii, liiirthilrmij^ 
and Dar'wr ; they were joined later on by Foveau ilr CounnilUs, 
Balthasard, Desiot, SchoU, i,c<mard, Tarchanoff', liord'ter, and 
Salvador, and ultimately, in 1899, by Sihiffa.nA Fieiaid. 

This second hypothesis was long the preponderating one. In 
France Oiulin, Baii/iclemi/, and Darier considered that the active 
role was played by the oscillating magnetic and electro-static 
fields surrounding the focus-tube. Up to 1900 one may say that 
this explanation was the one generally received. At that date 
XifttbOck thus expressed himself: ' At the present day it is the 
usual practice in radiotherapy to use hard tubes, which have 
become useless for radioscopic purposes. The procedure has the 
support of Oocfit, Givfitmavn, Svhenkel, Schiff, anti Fraind, so that 
a student guided by the instructions in vogue wonid infallibly use 
hare] tubes in radiotherapy." 

It was as a result of a remarkable series of experiments, performed 
by him in 1900. that Kienbik-k was led to the opinion that the 
sole active agency was the X-rays themselves, and that the influence 
of the electric effleuves was nil. It may be of interest to examine 
his investigations, and see what arguments he used against the 
supporters of the opposite hypothesis. He began his investigation 
in conse<{uence of a series of accidental cases of radiodermatitis, 
which, as they present some features of unusual interest, we give in 
hi& own words : 

• From November, 1899, to March, 1900, I had been treating four 
cases of skin disease in the face. 1 was using a focus-tube made by 
Reinigcr, Gebbrrt, and Schall, which had previously caused complete 
alopecia in a case of sycosis after thirty-seven exposures. Eac 
patient was irradiated daily, and I purposed to continue the treat- 
meut until reaction appeared. The seances were of fifteen minutes' 
duration, with a distance of 6 to 10 inches between the anticathode 
aiid the akin. The induction-coil gave an 18-inch spark, and was 
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driven by a continuous current from the public mains, witb a 
pressure of 110 volts. A turbine mercury break was used. The 
secontiary current had an equivalent spark-gap of at least 1 9 inches. 
At the beginning of the treatment the tube had a high resistance, 
and produced but slight desquamation, and that slowlv. As the 
tube became harder it produced less and less X-rays, but the 
electrical discharges were increased. On March 17 three cases had 
undergone their eightieth exposure, and, quite discouraged, I was 
about to abandon the treatment. 

'At this juncture a spark pierced the tube, and rendered it 
useless. On March 18 I employed a new focus-tube. This was an 
automatic regulating tube, made by Miiller, which gave a good 
steady light, the X-rays being of great intensity ; and, as it was a 
soft tube, it gave but few electric effleuves outside the tube. On 
March 18 the four old cases and one new one were rayed with this 
new tube. 

'Soon afterwards, from March 29 to April 3, all five patients 
showed signs of inflammation. Day after day the treatment had 
to be suspended. During the two succeeding weeks the reaction 
increased, resulting in exfoliation and ulcerations. Thus in lieu of 
the long course of treatment which I was expecting, all of these 
cases were attacked by serious dermatitis within a fortnight after 
the first irradiation by a soft tube.' 

This observation proves conclusively that a hard tube, emitting j 
strong electrical discharges and X-rays of great penetration, 
is almost without therapeutic action, whereas a soft tube possesses I 
the therapeutic qualities in a high degree. 

The old method, which was to continue the exposures until 4 
reaction set in, was faulty in theory, and most dangerous i& I 
practice. So long as the active agent remained unrecognised it :l 
was manifestly impossible to guard against it^ ill efl'ects. 

ITiis series of accidents put Ku-nbiick on the right track, 
recognised the fact that the X-rays themselves are the true thera- 
jieutic agents, to the exclusion of every other force, and his further \ 
experiments only confirmed him in this opinion. 

' In April, 1900,' he says, ' I was treating a young girl suffering J 
from fftvus, by epilation of the scalp. The right side of the head ,1 
was irradiated on three occasions with a soft tube, while the left } 
side of the head was irradiated in a similar manner with a hard ' 
tube giving the same quantity of rays, but of greater penetration. 
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After t»"o weeks' interval all the hairs on the right side of the 
head fell out, whereas on the left side only a very imperfect 
epilation resulted afler some further delay. 

'Another experiment shows the same result. The right side of a 
rabbit was exposed to a hard tube, which gave out very few X-rays, 
but strong electrical effleuves, while at the same time the left side 
wa« exposed to a soft tube. The result was as I had expected : the 
hard tube did not produce any loss of hair, whereas the soft tube 
set up a dermatitis followed by extensive alopecia.' 

The arm of a patient was exposed for one hour to the radiations 
from a soft tube, a plate of lead with a circular aperture being 
interposed between the tube and the skin, but without touching 
the latter. After the lapse of several weeks a dermatitis occurred, 
which was limited to an area corresponding to the aperture in the 
lead plate. 

The experiment was repeated on the opposite arm, the lead 
shield being replaced by a small rectangular platjue 9 centimetres 
in breadth. A dermatitis resulted over an extensive surface of the 
stin, except at the spot which was shielded by the little plaque 
of lead. 

In both these cases the lesions were confined to the regions 
actually exposed to the impact of the X-rays. 

If the focus-tube is adjusted so that the plane of the anticathode 
is perpendicular to the surface of the skin, dermatitis is produced 
only on the side adjacent to the luminous hemisphere of the tube. 
Behind the anticathode the tube is dark, and the corresponding 
area of the skin is not affected. The two regions are sharply divided 
by a line corresponding to the plane of the anticathode. We 
cannot suppo-se that the electric effleuves are bounded by this Hue, 
since they issue equally from the whole surface of the tube, whereas 
the dermatitis is strictly limited to the part irradiated by the 
Roentgen rays. 

This experiment seems quite conclusive. The electro-static field 
extends symmetrically all round the tube, and consists of concentric 
oscillations which are propagated equally in all directions. If the 
dermatitis were set up by these electric ascillations, it could not 
possibly be confined to one side of the tube. We do not in any way 
deny the existence of electrical discharges from the focus-tube, 
which would be propagated in straight lines, like the elHeuves from 
a static machine. Such effleuves from a tube in close proximity to 
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the skin would strike the nearer portions of the skin at right angles, 
and should be visible. In no case, however, would they he able to 
penetrate a metallic shield which was properly earthed. 

Another possible explanation was the supposed existence of other 
radiations accompanying the X-rays, issuing from the same point, 
and having the same intensity. This is too cximplicatcd a hypo- 
thesis, demanding the complete analysis of all radiations emitted 
from a focus-tube — an analysis which, in the present state of our 
knowledge, is quite impossible. 

K'wnhock is in complete agreement with .Strater's dictum : ' Soft 
tubes are active, hard tubes very slightly so." 

Kienbiick sums up the arguments of his opponents, more par- 
ticularly those of A'cAjj^ and Freiind, and we cannot do better than 
quote his words : 

' Those who believe that the therapeutic agent is of the nature 
ot an electrical discharge base their hypothesis on the following 
arguments : 

• 1. The skin reaction is prevented by the interposition of a 
thin plate of aluminium, or even ]>aper or silk, provided that 
these are earthed. This is thought to be due to the intercep- 
tion of the electrical charges which are led to earth, while the 
X-rays, which alone reach the skin, are incapable of setting up 
reaction. 

' This observation is inaccurate, for if a very penetrating tube is 
employed reaction will occur. Cotcl exposed one of his eyes to the 
rays for a quarter of an hour, and set up a violent inflammation of 
the lids, which lasted more than a week. 

This occurred notwithstanding the interposition of a thin plate of 
aluminium, which would have completely wai'ded ott' the electrical 
effleuves, 

'2. The second argument is the supposed absence of reaction 
when the focus-tube is driven by a static machine. It is supposed 
that only large induction-coils produce sufficient electrical tension 
to cause these accidents. 

'To this it may be said that it is only with large coils that we 
get a sufficient quantity of X-rays, with the necessary power of 
penetration. 

• 'A. Another point is the irritation which sometimes occurs when 
the tube is brought too near the skin, It is suppo^^cd that the 
electrical etfleuves from the tube pass to the skin. The real explana- 
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tion is that the nearer the tube, the greater the number of rays 
received by the skin. Like all ethereal vibrations, the X-rays 
follow the law of inverae squares. 

* 4. A final argument is that in radiography accidental inflam- 
mations mostly follow the use of Haiti tubes. It should be remem- 
bered however, that these tu'cidenta usually otcur when dealing 
with parts of some considerable thickness, requiring great pene- 
tration of the rays, and therefore the use of hai-d tubes. Possibly 
the first attempt may not be succes-tful in consequence of the rays 
being too penetrating, and the tube is brought nearer and nearer 
to the patient. At each essay the time and intensity of the 
exposure is increased. If the tutw becomes heated it will become 
softer, and may then readily set up cutaneous reaction. This, 
howe^-er, is due to the rays, and not to the electric effieuves. If 
the tubes in the first instance had emitted rays of the required 
penetration, there would not have been any necessity for modifying 
the current or increasing the duration of exposure.' 

It is well known that at one time Freund maintained the ex- 
clusive action of the electric discharges in radiotherapy. In sup- 
port of this view, he made .some experiments which at first sight 
seemed conclusive. 

He showed a guinea-pig which on eight oi'casions had been 
exposed to negative electrical discharges. As a result there was 
on the flank which had been treated a small circumscribed bald 
patch, the skin of which had a perfectly normal appearance. 

Kienbiiek, who examined the animal, thus criticises the experi- 
ment : ' It is remarkable that such a i-eaction should have appeared 
only fifteen days after treatment Moreover, the defined outline 
of the alopecia and the absence of acute dermatitis renders it prob- 
able that there was some misapprehension of the result. Probably 
attempts were made after each seance to see if the hairs were 
loosened, and in this way some may have been removed without 
any evidence of pain on the part of the animal." 

Independently of Xienbiick, Oudin made .some interesting studies 
on the nature of the active agent, in France. At first he thought 
the electrical discharges were the most important factor. Later 
he was much impreitsed by the injurious results of soft tubes, and 
asserted categorically: ' Electricity has no influence whatever on 
the occurrence of Hoentgen dermatitis.' 

Oudin interposed screens of insulating material, such as celluloid 
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anil ebonite, between the skin and the tube. He found that the 
reaction was not diminished. These bodies are transparent to the 
X-rays, but are non- conductor of tlje electrical discharge. It may 
be objected that they do not entirely stop the electrical discharge, 
since they would act as condensers. A plate of glass however, 
which also acts as a condenser, prevents the occurrence of erythema, 
in consequence of its opacity to the X-rays. 

A crucial experiment shows that the intensity of the cutaneous 
lesion is proportional to the transparency to the X-rays of the 
metal employed. We will ijuotc it verbatim : 

' We constructed a meta.1 shield by riveting side by side a 
thin plate of aluminium and one of lead, each ti centimetres 
square and of the same thickness. They formed a perfectly con- 
tinuous electriciil shield, and it could hardly be supposed that 
electrical discharges would affect one half of the shield more than 
the other. We tested this by means of a gold-leaf electroscope, 
and also with a Lippmann's capillary electrometer — an instrument 
of exquisite sensibility. When the screen was duly earthed and 
interposed between a source of electricity and the electroscope, not 
the slightest action on the gold leaves or on the column of mercury 
could l>e detected. The result was the same whether we used the 
eflleuve of a static machine or a high-frequency resonator, or even 
a Koentgen tube in absolute contact with the plates. This proved 
that the screen was absolutely impenetrable to electric dischai^es. 
Now, if such a screen be interposed between the tube and the skin, 
it will be found that only the area of skin opposite the leaden half 
will be shielded from the X-rays. If we take a rabbit and irradiate 
the flank for half an hour, epilation will occur after the lapse of 
a fortnight, followed by an acute dermatitis. If the composite 
aluminium and lead screen has been interposed between the tube 
and the skin, the epilation and subse([uent dermatitis will occur 
only beneath the aluminium half of the screen, the lead having 
absolutely protected the corresponding area fi-om any lesion what- 
ever. This protective action usually extends slightly beyond the 
limits of the lead screen. In one such experiment, a fortnight 
after exposure the whole side of the animal was inflamed, red, and 
discharging, with the exception of a surface of healthy skin, abso- 
lutely defined, 8 centimetres s(|uare, which corresponded exactly 
to the projection of the lead screen." 

In consequence of these demonstrations, most of the partisans of 
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the electrical hypothesis went over to the opposite cnmp. Even 
.Schiff'iiad Freuitd ratKlifietl their opinion. 

In his report to the Congress of Dermatology at Vienna in 1901, 
Sch'iff ^\e it as his opinion that soft tubes were theoreticaUy the 
more active; on the other hand, in radiotherapy equally good 
results were obtained by hard tubes, by the use of which the 
dosage was rendered easier and accidents were more easily avoided. 

At this time Fnund admitted that the X-rays themselves played 
a certain part in radiotherapy, but were not capable of producing 
cutaneous reaction without the presence of other faetore, such as 
electric waves and electric discharges, which he still considered to 
be the moat potent agents in the pi-oduction of reaction. 

Scholtz took up once more the study of this important ijuestiou, 
which had not been finally set at rest by the labours of luenbbck 
and Outliii. In a work published in 190^! he detailed a series of 
expenniental researches, of which we give a resume, since they are 
the most recent on the subject and prove indisputably the exclusive 
role of the X-rays, 

.Scholtz's first experiments were made on rabbits and guinea-pigs. 
In the later experiments, however, he used young pigs, since their 
skin more nearly resembles the human skin in its structure. More- 
over, in these animals the modifications due to X-rays — alopecia, 
ulceration, etc. — closely resemble those produced in the human 
subject, and that not only in their foim and evolution, but also 
in their period of latency. 

Scholtz's first task was to determine the different effects produced 
by a hard and a soft tube. 

The subject of experiment was a young pig, which was iiTadiated 
on either flank over a surface the size of a five-shilling piece. On 
the right side a soft tube was used, ou the left side a hard tube. 
From February 9 to 27, 1901, seventeen exposures were made, the 
tube being at a distance of fi inches. During the whole series of 
exposures the same tubes were used with the same current, the 
vacuum only varying on the two sides. 

On February 27, on the right side the hairs began to fall of!" 
freely. There was no apparent change on the left side. 

On March 3 on the right side all the hairs had fallen off, the 
epithelium was raised in phlyctenulie, and the whole region was 
scaly and weeping. On the left side a slight alopecia had com- 
menced. 
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On .March 9 the skin on the right side was necrosed and covered 
with a. di))htheroid membrane, and the subjacent tissues were infil- 
trated. There was a well-marked line of demarcation between the 
area esposed and the adjacent skin, which had been protected by 
a metallic shield. On the left side all the hairs had fallen out, 
and the skin had a slightly atrophic appearance. 

On the right side during the two succeeding weeks the necrosis 
increased, and a deep slough appeared. This extended down to 
the muficular layer, and only healed after many months. On the 
left side the irradiated spot remained bare of hair, but without any 
trace of necrosis. 

In another experiment, following Stelnbock's example, Scfioltx 
adjusted the focus-tulje so that the plane of the anticathode was 
perpendicular to the skin, A line drawn with nitrate of silver 
marked the boundarv between the irradiated area and that which 
was behind the anticathode. The reaction occurred only on the 
side which was irradiated by the X-rays. 

' These experiments,' says SchoUz, ' give precisely the same result* 
as those of Kieriboik, and demonstrate clearly that radiodermatitis 
is attributable to the X-rays themselves. 

*In order to remove any possible doubt, I made the following 
experiment : 

'A young pig was taken, and a circular surface some 8 inches 
in diameter was marked out on the back. This was divided into 
five segments. 

* The first segment was covered by a sheet of lead one-fourth 
of a millimetre in thicknes-s: the second by a plate of glass half 
B. centimetre thick; the thinl by a sheet of aluminium half a milli- 
metre in thickness; the fourth by three thicknesses of black paper; 
the fifth segment was left bare. 

'The whole region was exposed to the X-rays for forty-five 
minutes, at a distance of 8 inches. 

' After an interval of ten days the hairs were beginning to fall 
out from the skin of the fifth sector — i.e., the one that was left bare, 
A similar condition appeared on the fourth sector, that covered by 
black paper. There was no apparent modification of the skin of 
the other sectors. 

' After three weeks a superficial necrosis ap|>eai-ed on the skin of 
the fourth and fifth sectors. On the third sector — that coveied 
by aluminium — the baiis were less numerous, and easily pulled 
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out. On the two other sectors — those shielded by lead and glass 
respeetively — no reaction appeared. 

' This experiment was repeated on several occasions, with the 
same result. Similar results were obtained on the human skin in 
two eases of favus which were being ti-eated by epilation. In this 
instance the bliick paper on one of the sectors was replaced by 
a mercurial plaster. The mercurial plaster proved more opaque 
to the X-rays than the aluminium plate. This exactly coiresponds 
with the intensity of the shadows cast on a phosphorescent screen 
by the two bodies/ 

Scholtz comes to the following conclusions, which we reproduce 
in their entirety : • The greater the quantity of the X-rays emitted 
by the tube, the greater is the intensity of its effect on the skin. 
It is, thei-efore, preferable in most eases to use soft tubes in the 
practice of radiotherapy. 

'The effect on the skin may be modified at will by altering the 
current intensity, the distance of the tube, and the duration of the 
exposure. 

•The more perfectly a substance arrests the passage of X-rays, 
the more jwrfectly it shields the skin from the active rays which 
affect it. Black paper interposed in the course of the X-rays 
gives no trace of simdow on the fluorescent screen or on the photo- 
graphic plate. Conset-iuently, as it allows the X-rays to pass 
freely, it cannot protect the skin from dermatitis. 

' The pale-gray shadow on the fluorescent screen thrown by a 
thin plate of nluminium is rather feebler than that of a meivurial 
plaster. This corresponds to the respective degrees in which they 
protect the skin from the injurious action of the rays. 

'Thin sheets of lead and thick sheets of glass are impermeable 
to X-rays, and, in consequence, completely protect the skin aj^alnst 
their action. Bodies which, like aluminium, cast but a feeble 
shadow on the fluorescent screen, nevertheless exercise a consider- 
able influence in arresting the more ai'tive rays. 

'This proves that it is precisely those rays which are least 
penetrating which are most active in causing reaction. 

'Once again these experiments show clearly that it is the 
Itoentgen rays themselves which tonstitute the active agency in 
radiotherapy." 

{.'linical observation is in perfect accordance with this theory. 
I'ractitionei-s who employ hard tubes are obliged to give an 
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extended series of exposures, each one of comparatively long 
duration. Thus to produce an epilation, Schiff^ and Frntnd give 
ten, fifteen, or twenty exposures, eaih of a duration of ten to thirtv 
minutes, whereas with a soft tube epilation luay be effected in a 
single seance of no great length. 

At the present day it is very rare to find any serious opposition 
to the view that the X-rays are the sole agency used in radio- 
therapeutics. 

If there were any possibility of doubt on the subject, it would be 
removed hy a consideration of the cutaneous reaction caused bv 
radio-active substances. Bicquerel and M. and Mtm^. Curie, by 
placing tubes containing radium in contact with the skin, produced 
on themselves lesions analogous to those caused by a Roentgen tube. 

Oitdin, who examined the acti no-dermatitis pi-oduced in this 
manner, considered it to be absolutely analogous to rodiodermatitis. 
iVrtikhoff Bind Giexel have made similar observations. 

In these cases of acti no -derma tit is there can be no question of 
electrical discbarges. X-rays, or some similar radiations emitted 
hy the radio-active substances, must be I'egarded as the sole cause 
originating the cutaneous reaction. 

As Oud'm points out, even admitting that the action is due to 
the projection of negatively -charged particles torn from the atom, 
the electric charge must be quite insignificant in comparison with 
the oscillations round a focus-tube, however enormous they may 
appear in comparison with the mass of the corpuscles that carry 
them. 

We ourselves, in the course of our practice of radiotherapy, have 
bad occasion to repeat some of the foregoing experiments, and our 
investigations have completely confirmed those of Kienbe>clc, Ondin, 
and Scholtz. Our results may be thus expressed : 

'The Roentgen rays themselves constitute the active agency in 
radiotherapy, to the exclusion of the electrical discharges and 
other phenomena which are present in the neighbourhood of a 
focus-tube in action.' 
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CHAPTER III 
BIOLOGICAL EFFECTS OF THE ROENTGEN RAYS 

1. The Action of X-Mays on Cutaneous Tissues 

and on Internal Organs. 

At an early period in the application of Roentgen rays it was 
noticed that signs of reaction were mainly restricted to the skin. 
In slight lesions the superficial layers of the dermis alone were 
attacked ; when ulceration supervened, the whole thickness of the 
skin was first destroyed, and subsequently the subcutaneous tissues 
became affected. Very soon, however, a much wider sphere of 
action was attributed to the X-rays. They affected, it was said, 
not only the skin, but muscular tissues, deep-seated vessels and 
internal organs, the nervous system, and the general health. 

We need only glance at the publications of the last few years 
to find the Roentgen rays prescribed again and again as a universal 
panacea. They act on every organ of the body, and cure lesions of 
the most varied character. This is the outcome of an ignorant 
infatuation and a total absence of technical knowledge. 

It will be of interest to inquire what are the tissues most affected 
by the X-rays, and to examine the alterations, both general and 
microscopic, which these tissues undergo. We will confine our 
attention to the effect of the rays on healthy tissue. 

It is important to determine whether the action of the rays is 
limited to the portion of the skin actually irradiated, or whether it 
extends to the surrounding area and to the subjacent tissues. 
Roentgen dermatitis is generally limited superficially to the area 
on which the rays impinge. If a lead screen with an aperture be 
used, the skin, even when acutely inflamed, is unaffected except in 
the exposed spot. The line of demarcation between the dermatitis 
and the healthy skin exactly coincides with the edge of the aperture 
in the protecting shield. 

99 7—2 
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Similarly in rwliotherapeutic treatment the reactionary erythema 
ajipears only over a surface which con'esponds exactly to the aperture 
in the protecting lead. 

It has been found that the X-rays set up reaction, not only at 
the point where they impinge on the surface, but also at the place 
of exit whence they leave the body. In other words, there will be 
a modification of the cutaneous tissues at a point diametrically 
opposite the point of Incidence of the rays. Ohservations by 
Riiilht, Kinnmel, and others corroborate this occurrence of 
reaction at the point of exit. These observers subjected the thorax 
of a patient to an intense exposure with very penetrating rays, 
which resulted in the production of ervthenia and ulceration of the 
skin, not only on the chest, where the rays impinged, but also on 
the back at the point where the rays issued after traversing the 
body. Kknhikk, experimenting on a pigeon, obtained analogous 
results. The bird was placed in a cardboard box, and its back was 
exposed to the action of the rays. The feathers fell out, not only 
on the back, but also on the breast at a point diametrically opposite 
to that irradiated. No ulceration resulted on the back of the bird, 
and the condition of the intestinal organs was but little, if at all, 
atlected. New feathers grew much more quickly on the breast 
than on the back, as might indeed have been expected. 

Kienbikk concludes : ' The Roentgen rays not only act on the 
surface on which they fall, but, after having penetrated the body, 
they act in a similar manner on the opposite side at the point 
of exit.' 

This result may be partially explained when we consider the 
small mass of a bird's body, which contains a considerable quantity 
of air. Rays of meiliuni penetration pass through the bodv with 
bnt little absorption, and may thus produce on the skin at the 
point of exit changea analogous to though less marked tlian those 
which were caused at the point of entrance. 

It is, however, to Sckoltz that we owe the complete elucidation 
of this phenomenon. His experiments were conducted on rabbits. 
The inner surfaces of the two ears were placed in contact and fixed 
to the animal's back. After exposure to the rays the hair fell out 
from the whole of the outer side of both ears and also from the 
back. No necrosis of the cartilage of the ears followed. The 
experiments were repeated on a pig, with similar results. 

The ear was pulled backwards and fastened to the neck of the 
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pig, and the snimal was exposed daily to an irradiation of moderate 
intensity, the neighbouring regions being protected by a lead screen. 
Ten days after the last exposure, the hair began to fall out. 
(lepilation commencing on the outer side of the ear, then on the 
inner side, and finally spreading to the corresponding portion of 
the neck. On the outer side of the ear phlyctenule appeared, 
followed by a serous discharge and slight ulceration. On the inner 
side of the ear and on the neck similar lesions appeared several 
days later, but they were much less severe in character. No necrosis 
of the cartilage occurred, and on healing the ear resumed its normal 
appearance. 

Scholtz comes to the following conclusions : ' The X-rays act 
chiefly un the skin, the deeper tissues, muscle, cartilage, and bone 
being but slightly affected. The necrosis of these tissues is secondary 
and due to the intense inflammation and ulceration of the skin. 

'The Roentgen rays act on the skin at the point where they first 
penetrate it ; but they may also affect it at the point of emergence, 
after having traversed layers of cartilage or muscle of some thickness,' 

These conclusions are in complete agreement with the theory 
and practice of radiotherapy. \\'hen the rays are not of great 
penetration they are almost entirely absorbed by the skin on 
which they fall, where this is of sufficient thickness. Where the 
skin is very thin the less penetrating rays will still be absorbed, 
but those which are more penetrating will pass on ni a straight 
course to the opposite side of the body. If in their coui-se they 
meet other tissues more dense than the skin, they will be absorbed 
without causing any reaction at the point of exit. They may, 
however, pass through the internal tissues with only a slight 
decrease of intensity, and on emergence they will then exhibit 
phenomena analogous to those which they caused at the point of 
entry. The difference will be merely one of degree. 

TTie rays of the highest degree of penetration will pa-ss threugh 
the tissues without marked action either at the point of entrance 
or of exit. 

It is difficult to understand ho\\- the X-rays can have sufficient 
penetration to tniverse the thorax of a healthy subject and still 
retain sufficient intensity to produce ulceration at the point of 
exit. In the case reported by Kiimmel the patient was tuber- 
culous and very emaciated, and this may in some degree explain 
the result. 
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Some authorities believe that they can obtain deep-seated reaction 
without any effect on the aupei'ticial tissues. 

This statement must be received with caution. Ki^itbdck sa.ys : 
' I find it hard to believe that deep-seated modifications can be 
attained without the occurrence of dermatitis at the point of entry 
of the X-rays. Most probably an ulcer would be formed at the 
point of incidence of rays of sufficient intensity to modify the 
deeper tissues. The curative action of X-rays on morbid foci in 
internal organs is most uncertain,' 

We agree with A'/t-nhock in this opinion. In the norma) subject 
it is difficult to admit the occurrence of deep-seated action without 
any accompanying reaction of the integument, for it is the skin 
which most readily reacts to the X-rays. When, however, we 
come to deal with abnormal elements in the tissues the cose is 
somewhat altered. It is possible that the rays have a selective 
affinity for abnormal tissues, such as epithelial and sarcomatous 
neoplasms, and that these are more easily affected than the skin. 
Even then the difference in sensibility would hardly be sufficient 
to prevent a sharp reaction on the surface. It is this fear of radio- 
dermatitis that limits the amount of radiation permissible in any 
given case, and in our expeiience we have always met with a more 
or less vivid reaction of the skin, even when we have taken the 
precaution of covenng it with a thin sheet of aluminium foil, so 
as to cut off the less penetrating rays. It is not probable that 
there would be less reaction of the skin when the deeper tissues 



Action of X-rays on Internal Organs. 

As we know that a portion of the Roentgen rays is arrested by 
the internal oi^ans, while another portion passes through, it is 
natural to inquire whether these have any specific action on them. 
When the surface of the abdomen is exposed to the rays, it is 
important to know what inHuence is exerted on the intestines and 
other abdominal organs. In this situation there is no osseous 
skeleton to arrest the mys, nor is there much protection to the 
head of a child, since the osseous tissue there is very thin. 

The answer to this question involves numerous practical con- 
siderations. If the X-rays are able to produce in the intestines 
lesions similar to those which arise in the akin, the greatest degree 







caution must be used in ti-eatiiig tho.'te regions where the internal 
organs are not protected bv hones as well as by muscles and skin. 

Similarly, if paralytic and other phenomena may follow irradia- 
tion of the brain and spinal cord, we should be very loth to treat 
the head of an infant by radiotherapy. 

At first sight it appears reasonable to suppose that X-rays may 
exert a modifying influence on internal organs. The cure of certain 

mours of splanchnic origin may be explained by the selective 

tion of the rays on abnormal tissue, in Oudhi'x work, however, 
find instances of effects which may be termed general, such as 
attacks of vomiting and loss of appetite. .S'rholis considers these 
symptoms to be due to psychic causes, since no post-mortem lesions 
have been discovered. Moreover, the rapidity with which these 
symptoms disappear prove that the lesion, even if it existed, was 
of the slightest description. 

At the twelfth Congress of the American Electrotherapeutic 
Association Dickson reported several cases of severe diarrhoea, 
while yann of Savannah had seen constipation follow the use of 
the Roentgen rays. 

At the Congress of Grenoble in 1904 Albert IVcil reported some 
of constipation cured by X-rays. He exposed a limited part 
'of the surface of the abdomen to the rays, using the maximum dose 
tiuA the skin could absorb without injury — 4 H. to ij H. in Holz- 
knecht's units ; the rays had a penetration of No. 6 or No. 7 on 
Benoist's radiochromometer. 

The effect on the intestines appeared to be constant. The rays 

liad a sedative effect, allaying spasmodic action, and causing healthy 

Levacuatton of the bowels in patients who had resisted all other 

lethods of treatment. These facts are of great interest, and 

.rther experiments on the subject are to be desired. 



Action on the Nervous System. 

A special influence on the nervous system has been attributed to 
the X-rays. They were said to give rise to various disturbances — 
paraplegia, paralysis, abortion, etc. 

In the case of small animals Rodin and Berlin found that the 
LX-rays caused ]>ara]ysis and cramp, in addition to the usual cutaneous 
^lesions. In the case of animals exposed for too long a period to 
! action of the roys death usually occurred in from eight to 
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t JStirni^ e](j>erimenting with guinea-pigs, determined 
K^ar «f diegenention in the white matter, and also in the 
ir mmtfi of the cord. This, however, was after severe 
• «f tibtsLiu in the region of the vertebral column. 
pm kB> nrpurted lesions of the nervous system following 
«lf«Mn to the radiations of radio-active substances. 

Ik HMlQr of tfa«se otses it is doubtful whether the paralysis waK 
TfllH^ *■• to 1^*= ?i--rays. It usually followed a very severe 
^xywumv and the resulting nieningo- myelitis was possibly due 
tv !«WK »rf>tK infection of the inflamed surface. 

At.^'vnltng to the observations of Daiiynz, Rodct, and Berlin, it 
«««» j)n>x«l that the rays have a specific action on the nervous 
VTsteni. It must not, however, be supposed that such results can 
W obtained ou the human subject under ordinary conditions. 
Hitherto observations have been made on small animals only, and 
Ihei* i* little analogy between the action of the rays on these ajid 
tw the human subject. In order to get any results whatever on 
th* nent)ua system, very considerable doses ore necessary, and these 
wv of sufficient intensity to produce serious ulceration of the skin. 
lite nervous system of these small animals is but slightly protected 
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from the action of the rays, in consequence of the thinness of the 
crtuiiura and vertebral arches. In man these bones are of sufficient 
tliickness to airest the radiations almost completely. 

In the human subject also, the distance of the central nervous 
system from the point of application is usually sufficient to guard 
It from any injurious effects from iri'adiation. 

On the other hand, there can be no doubt about the sedative 
wtion of the Roentgen rays on pain. Again and again neuritis and 
neuralgia have been ameliorated and cured by a few exposures. 

Hence we must concede that the X -rays have at all events a local 
«rtion on the peripheral nervous system — an action which in most 
■^ses is of an anodyne nature. 

Tttt'uk: — Some interesting experiments have been recently 
'■om muni rated to the Munchener Medidnisc/ie Wochenitchrift by 
^l^rs-Schotiiherg and Friebeti, which seem to show that the 
A-rays have a specific action on the reproductive organs. 

The experiments were carried out on male guinea-pigs, which were 
"" several oi-casions exposed to an irradiation of moderate amount. 
Ihey were then mated with females which had not been submitted 
tt* the action of the rays. Although they were kept together for 
Periods ranging from fifteen days to five months, not one of these 
■^•niles produced offspring. By moderate exposure to X-mys the 
male guinea-pigs were not affected in their general health, and 
'Stained their sexual appetite and powers of copulation. Animals 
*hich were kept under similar conditions as a control experiment 
•stained their fecundity. 

■After death the cause of this sterility was revealed. In the case 
^' all the animals which had been irradiated the testicles were 
•ottndatrophiedjtheirsize being diminished to one-half,orevenone- 
'"ird, of their normal volume. Microscopical examination showed 
"**t the cells lining the seminiferous tubules had disappeared, and 
*^t^ in certain localities replaced by small retracted cells with signs 
**• firotoplasmic degeneration. Spermatoblasts were nowhere to be 



spermato -genesis. An examination 
ieminales also disclosed the complete 



***'Jlid, nor any appearance 

**' the contents of the vesici 

"*ence of spermatozoa. 

iTie sterility is apparently due to a condition of necrospermia, 

oich after some time passes on to complete azoiispermia. We 

_**ould therefore proceed with great caution when treating the 

■***giiinal or stTotal regions by radiotherapy, 
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On the other hand, it is not irrational to suppose that careful 
and moderate irradiation mif^ht have a stimulating action on the 
secretion of scnien. It has been shown that the bio-activity of 
certain cells is stimulated by slight exposure to the X-rays, whereas 
these same cells are withered and destroyed by a longer exposure. 

Uterus ami Liver. — According to some observer, Roentgen rays 
may exercise some influence on the course of gestation. In ex- 
periments on small animals the rays have been found to cause 
abortion. 

As a result of experiments on dogs, Lepint and Boulud have 
proved that the liver, after irradiation, contains less glycogen and 
more sugar than before, whereas the total amount of the two com- 
bined is diminished. The primary effect of irradiation is therefore 
to stimulate both glycogenesis and glycolysis. After the liver has 
been irradiated for an hour or more, the conditions are revei-sed : 
both glycogenesis and glycolysis are diminished. It will be in- 
teresting to learn if the results of the action of X-rays on the 
isolated liver are confirmed when the experiment is repeated on the 
organ in situ. 

Spleen arid Lymphoid Tissues. ~Hein£ckc has shown that irradia- 
tion by the X-rays causes the destruction of the Mal))i^hian 
corpuscles of the spleen, with accompanying accumulation of pig- 
ment and decrease of the cellular elements in the splenic pulp. On 
studying these lesions further, two distinct processes may be dis- 
tinguished. The one, which attacks the pulp and causes pigmenta- 
tion by decomposing the heniatin of the blood, follows some days 
after a prolonged irradiation of small animals. The other, which 
destroys the Malpighian corpuscles, seta in early, after even a short 
exposure, in animals of any size. This destructive action may 
be observed not only in the skin, but in all organs containing 
lymphoid tissue. 

Heiruxke has carried out a series of experiments on i-ats, guinea- 
pigs, and dogs. If the animal be killed two hours after a short 
exposure, well-marked alteration is found in the Malpighian cor- 
puscles of the spleen, as well as in the lymphatic glands and follicles 
of the intestines. 

In the Malpighian corpuscles, for example, spherical grains of 
chromatin may be foimd irregularly disseminated in the tissue. 
These grains, of various size, are evidently formed from the debris 
of cellular nuclei. Alongside of these, transparent areas appear in 
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which the lymphoc3i;es have in a great measure disappeared, to be 
replaced by large cells of an epithelioid nature. If the animal 
is killed two hours later — i,e.y four hours after the irradiation — the 
free chromatin granules have entirely disappeared. They have 
be«i absorbed by phagocytes, enormous cells which are literally 
laden with chromatin granules. These phagocytes are found 
principally in the zone occupied by the epithelioid cells already 
mentioned. They do not however, remain long in this situation. 
After a certain time they leave the follicle, so that at the end of 
twenty-four to thirty-six hours there is no trace of them remaining. 
At the same time the lymphocytes, the specific elements of the 
Malpighian follicle, are in great measure destroyed, the extent of 
this destruction depending on the intensity of the previous irradia- 
tion. The destruction is however not complete, for in animafls 
killed after an interval of eight to fifteen days the lesions have 
been already repaired, and the Malpighian follicle has been 
rq^nerated. 

Similar lesions — i.e., destruction of lymphocytes and phagocytosis 
of their nuclei, are found in other lymphoid tissues — in lymphatic 
glands, in the intestinal lymphatic follicles, in the thymus, and 
even in the marrow of the long bones. In these organs also 
a considerable portion of the specific elements of the tissue 
disappears, and is replaced by fat cells. 

A similar experiment was made by the author on a dog of 
medium size, in which the abdomen was irradiated. In the 
Malpighian follicles of the spleen and in the lymphatic glands 
of the mesentery intestine, there was evidence of considerable 
destruction of the cellular nuclei. This destruction was noticeable 
long before any action on the epithelium was visible. If these 
observations are confirmed, they will afford a solid basis for the 
employment of X-rays in visceral affections. In the author'^s 
opinion, these experiments point to the possibility of treating 
haematopoietic diseases by means of radiotherapy. 

Clinical experience is in advance of theory in this matter. 
Already numerous cases have been reported of leukaemia, lymph- 
adenoma, lymphosarcoma, and mycosis fungoides, which have been 
modified by treatment with the Roentgen rays. It only remains to 
be seen if the results obtained are durable. 

Eye. — ^There is one organ which would seem to be specially 
exposed to injury if not properly protected during an X-ray seance. 
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Authors are, however, not agreed as to the manner in which the 
eye I'cacts to the X-rajs. Some believe it to be exceedingly 
sensitive and very easily afFetted, while others maintain that it 
shows little reaction even to intense exposures. 

By exposing the eye of a rabbit to the X-mys, Cludupecky 
obtained an acute ioH animation, followed by suppuration. 'i"he 
eye was destroyed, as if it had been burnt with ammonia. Similar 
results have been reported by other experimenters. 

The lesions of the eye caused by X-rays resemble those set up by 
ultra-violet ravs, as described bv Widmark in his investigations on 
snow blindness and the effects of the electric arc. On the other 
hand, Schollz entirely failed to produce either inflammation of the 
interior of the eye or even diaturhance of vision, notwithstanding 
the fact that the exposure was made on the wide-opened eye, and 
was of sufficient intensity to produce sloughing of the eyelid. 

In a discussion of the American Klcctrotherapeutic Society 
fi-equent mention was made of the injurious effect of the X-i-ays on 
the eyes. In one of the cases reported the reaction was so severe 
as to cause complete blindness. 

It should be remembered that in all the cases of injury to the 
eyes which have been reported, it is the operator and not the 
patient, that suffers. This occui-s principally to those who practise 
radioscopy, and is in great mea.sure due to the cumulative effect of 
the rays absorbed in the course of a specialist's practice. In radio- 
scopy a plate of rock crystal should be interposed between the 
fluorescent screen and the observer. This will arrest the X-rays 
without modifying the light. 

In addition, the practitioner should wear spectacles, with large 
thick lenses of flint or lead glass. Much better is the habitual 
use of the localizer already described, which entirely prevents any 
injui-y to the eyes of the operator. 

Personally, we have never seen the slightest injury to internal 
organs or to the nervous system follow the therapeutic application 
of X-raya, and this in spite of the fact that we have frequently 
used exposures of considej-able intensity. Scholt:: and other foreign 
authors have had the same experience, and found tliat even when 
ulceration of the surface of the abdomen occurred in consequence 
of severe irradiation, it was not followed by aiiv intestinal lesion. 

We have fi'etjuentjy irradiated the eyelids, and have never seen 
the shghtest injurious effect on the eye itself. At the present time 
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we have under treatment a case of epithelioma of the eyelid and 
tissues surrounding the eyeball. This ease has improved consider- 
ably under doses of 7 H, or H H. repeated once a month. Subse- 
quent careful examination by an oculist revealed no injury to the 
eyesight. 

It may be objected that the rays employed in radiotherapeutic 
treatment are of feeble penetrating power, and, being arrested by 
cutaneous surface, have but little action on the subjacent tissue. 
Putting ou one side the possibility of a selective action, we may 
suppose that any rays which reach an internal organ will be of 
sufficient penetration to pass through it without marked effect, 
and that the softer rays, which would be more readily absorbed, 
will have been already in great measure arrested by the superficial 
tissues. 

At all events, in practical radiotherapy we may rest assured 
that, under the conditions obtaininj; in practice, no injurious action 
on internal organs is to be feared, 

X-rays act more especially on the skin and its appendages. It 
is there that reaction occurs, and modiHcations of tissue in direct 
proportion to the amount of ratliation absorbed. 



2. Objective St/mptoiiis of the Skin due to 
X-ltaf/H. 

We have already alluded to the baneful results of X-rays on the 
skin. A volume might be written on the accidents which have 
been attributed to their action since their discovery by Hoenlgen. 
It is of interest to notice that most of the more serious accidents 
occun-ed in the earlier years, when I'adiography and radiotherapy 
were in their infancy. 

Nowadays one seldom meets witb those cases of extensive ulcera- 
tive dermatitis which used to last for months and sometimes for 
years. One usually sees nothing more than some superficial 
modification of the cutaneous tissue or a slight erosion purposely 
provoked by the operator in the treatment of the disease. In 
many cases of X-my dermatitis we purposely set up what the 
older writers called a slight accidental reaction, hut what may be 
more appropriately termed a curative dermatitis. When the skin 
is exceptionally irritable, or the quantity of rays absorbed consider- 
able, the reaction will be more marked, and we may get superficial 



110 RADIOTHERAPY IN SKIN DISEASE 

ulceration, followed bv scarring. This degree of reaction is oft^i 
purjjosely produced in the treatment of malignant tumours. 

Exposure to the Roentgen rays is quite painless, the patient 
feeling absolutely nothing. He may possibly be conscious of a 
slight degree of warmth due to the heat of the tube, or more 
probably to the warmth of the protecting shield. We have never 
been able to observe the gastric irritations, the headaches, palpita- 
tions, cardial gi as, etc., described by Otidin in BouchanTs 'Traits 
de Radiologie,' and confirmed bv such writers as Wnhh, Seg'ujf, 
and Qiienitnet. We do not, however, follow exactly the same pro- 
cedure as these authors. 

It is true that at the termination of a seance some patientl, 
complain of a little giddiness and heaviness of the head, but this 
is probably due to the constrained position they occupy during an 
exposure. They are placed lying down on a couch, with the bead 
low, in a warm room ; and to some patients the noise of the 
mechanical break is most fatiguing. All this is quite sufficient to 
explain the occurrence of some temporary malaise. 

Outlin and Klenbock more especially have studied the objectivt 
symptoms of the irradiated tissues. We shall quote largely from 
their works in the following pages. 

Stage of Latfiicij. — We must first determine the point at which 
reai'tion commences. Is there any stage of latency between the 
irradiation and the first signs of a consequent dermatitis ? 

According to Oiidhi't observations, from twenty-four to thirty- 
six hours after exposui-e a slight progressive erythema indieatet 
the commencement of i-eattion. SchoUz and Kienhock give a longtt 
period of latency. 

' Usually,' says KienhSck, ' irradiation is followed by a long 
period of complete latency. Erythema or epilation occurs only afW 
a period often or twelve days' latency, even when a very consider- 
able dose of the rays \\hs been given.' 

To determine the interval between an irradiation and the com- 
mencement of reaction, Sckoltz made a series of experiments OQ 
young pigs. 

He says : ' The time that elapses before the appearance of any 
visible reaction is rather longer after a moderate irradiation than 
after one of greater intensity. After a very intense exposui-e there 
is a latent interval of seven or eight days, and the reaction does not 
attain its maximum till after a further period of some weeks.' 
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Occasionally after a radiotherapeutic sitting an erythema will 
appear on the same evening or on the next morning. This fact 
is vouched for by several authors, and we have ourselves often 
witnessed it. Some authorities consider this as the commencement 
of a true reaction, but Scholtz and Kieribdck's observations are 
directly opposed to this view. To what, then, is the phenomenon 
due ? , 

The following is the usual course of events : An evanescent 
erythema appears the same evening or the next morning after 
irradiation. It acquires its maximum in a few hours, and then 
decreases gradually, disappearing entirely in four or five days. It 
is usually accompimied by slight itching. The redness which 
ushers in the true X-ray reaction begins to appear as this evanescent 
erythema is dying away. By this time the minimum period of 
five or six days'* latency following a severe exposure has elapsed. 
This gives rise to the erroneous idea that the commencement of 
X-ray reaction coincides with the end of the primary erythema. 
It is often said, ' Roentgen reaction commences immediately after 
the exposure and increases progressively.** If patients are carefully 
questioned, however, two distinct phenomena may be recognised. 
Moreover, in many cases, the primary erythema does not occur, 
and it is only after the lapse of some days that the true reaction 
shows itself. We may therefore assume that the occurrence of 
local evanescent redness has no connection with the true Roentgen 
ray reaction. Kienbock^ in Vienna, and Bklere^ in France, are also 
oX this opinion. 

The occurrence of this evanescent consecutive erythema may be 
completely avoided by the use of water-cooled tubes, which prevent 
the anticathode from becoming too hot. Many experimenters 
vouch for this fact. 

Some observers attribute the occuri*ence of early erythema to 
the action of unknown rays emanating from the violet-coloured 
layer which forms in focus -tubes after long usage. Schmidt' 
opposes this idea. * Primary erythema,' he writes, * is quite 
independent of the age of the focus-tube, and happens just as 
often with new as with old tubes. In some individuals the 
primary erythema occurs on every occasion when a sufficient dose 
of X-rays has been absorbed. It is probably the result of a special 
irritability of the vascular system, such as may be frequently 
observed with other influences of psychic, thermic, or toxic origin.*" 
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This pseuflo- reaction is in all probability due to the action of 
the luminous rays emitted by the anticathode when in a state of 
incandescence. A similar erythema is seen in sunburns, or as the 
consequence of exposure to electric light. Perhaps a certain 
amount of heat may add to the light effect. 

The true reaction, then, does not occur till after the lapse of 
several days. The periixl of latency varies with the quantity of 
X-rays abwrbed by the skin, the idiosyncrasy of the patient, and 
the i-egion of the skin which has been irradiated. 

If the exposure hits been a moderate one, the erythema or 
alopecia may occur after an interval of eight, ten, or twelve days, 
whereas if the application has been more intense, the latent period 
will be only five or six days, 

KienbMl- thus sums up the matter : ' The stronger the dose 
given during a stance, the shorter the period of latency, the 
sharper the i-eaction, and the longer its duration.' 

Radiodermatltis. 

There are two varieties of radiodermatitis — acute and chronic. 
This is the nomenclature adopted by Kknbwk and Oudin. "These 
terms are inaccurate," says Ouilki, ' if they are applied to the course 
and duration of the affection. 'ITie terms " acute " and " chronic " 
refer to the causes of the dermatitis, and not to its evolution." 

Although this classification is useful in practice, it may mislead 
a beginner in I'adiotherapy. There are not two varieties of derma- 
titis; what varies is the intensity of the phenomenon, and the 
special forms which it assumes in different regions of the body. 
The radiodermatitis following a severe exposure is not comparable 
with that which follows a more moderate irradiation. The operator 
who makes daily radioscopic examinations is subject to lesions of 
the hands which do not in the least resemble the ulceration which 
follows an intense exposure. In the course of a few minutes a 
patient will receive a quantity of X-rays equal to that which is 
absorbed by the operator during a period of many weeks, in small 
and frequently repeated doses. The course of the reaction will 
naturally differ in the two cases ; in the latter instance certain 
phases may be suppressed, or the progres-s of the dermatitis may 
be arrested at an early stage. Nevertheless, in their origin the 
two cases aie identical, the differences being solely due to varia- 
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tions in the sensitiveness of the patient and the intensity of the 
irradiation. 

For purposes of study, however, we may distinguish two distinct 
varieties of dermatitis — that of the patient and that of the operator. 

RADIODERMATITIS OF THE PATIENT. 

There are many degrees of radiodermatitis affecting the patient. 
The different forms are not absolutely distinguishable, and may vary 
in many ways. The reaction may skip one or more stages, and be 
arrested at any one of them ; or it may pass on successively through 
the usual forms, ending in ulceration and scarring. The following 
description gives a general view of these reactions, which are not 
always evolved in the same order. 

» 

Alopecia. — Shedding of the hair is an early result of X-ray 
irradiation, and occasionally occurs without any other evidence of 
reaction. This alopecia, without marked erythema, is especially 
noticeable on the scalp. After an exposure of moderate intensity, 
the hairs begin to fall in twelve to fourteen days; this continues 
until little by little complete alopecia is produced. 

According to some observers, a slight erythema always precedes 
the shedding of the hair. There is great divergence of opinion on 
this subject, which may be due to the difficulty of observing an 
erythema of the hairy scalp. 

For some little time after the loss of hair, the skin remains 
smooth and bare, without any other alteration than an occasional 
slight pigmentation. After some weeks the skin returns to its 
normal aspect, and the hairs begin to grow again. Three or four 
months after the irradiation the reaction will have completely died 
away, leaving no trace behind. 

Similar phenomena follow the iiTadiation of the face. Here, 
however, it is more usual to get a more or less acute erythema, 
followed in some cases by pigmentation and atrophy of the 
cutaneous tissue. If an excessive quantity of X-rays has been 
absorbed, the erythema will be more intense, and some infiltration 
and even vesiculation may precede the occurrence of epilation. 
The form as well as the degree of reaction depends in great 
measure on the intensity of the irradiation. 

According to Kienboclc's observations, the reaction is frequently 
arrested before a complete alopecia has taken place. 

8 
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Erythema. — An erythema is ut'iially the first result of nn 
irradiation of somewhat greater intensity. It shows itself five 
or six days after the exposure, the skin becoming rosy red ov&r 
the whole of the area which huA been irradiated. 

Occa.-<ioDally, instead of being uniform, the erithema may be 
punctate or lenticular at first, the spots speedily uniting, and the 
whole area becoming deeper in colour. The extent of the erythema 
is often accurately outlined by the edge of the protecting shield. 
At this stage any hairs which may be present are still adherent. 
Sensation is in no way modified, with the exception that itching 
may occasionally occur. 

In the com-se of two or three days the rosy tint is succeeded by 
a deeper coloration. The skin becomes successively bright red. 
deep red, brownish red, and sometimes violet, reminding one of 
the varying colours which chilblains assume. In some ca-ses the 
erythema is continuous in the centre of the irradiated area, while 
disseminated spots occur near the margin. 

At the same time the skin becomes slightly infiltrated, showing 
a slight amount of <cdema. The itching, which has hitherto been 
slight, becomes more severe, especially at night, when it is a^ra- 
vated by scratching. The erythema attains its maximum two or 
three weeks after the date of irradiation, and the reaction is usually 
arrested at this stage. If, however, the duration of exposure has 
Ijeen excessive, the reaction becomes still more severe, and the 
erythema mav lie followed by more serious symptoms. 

In a favourable case, the hyperifmia diminishe.s and the itching 
is calmed in the course of a few days. At this stage the haira 
begin to fall out, and complete alopecia usually follows. In 
some cases however, a sharp inflammatory reaction may produce 
only a partial epilation. The fading of the erythema is frequently 
followed by <Iesquamation, during which the superficial layers of 
the epidermis are shed in minute furfuraceous scales, leaving the 
subjacent skin in a perfectly normal state. 

Pigmentation. — In A'/fni(WV opinion, erythema is always 
followed by a browu-coloured pigmentation, which continues until 
it is ultimately removed by the oc-currenee of desquamation. 
We have however, frequently witnessed the disappearance of 
erythema without any trace of desquamation. This abnormal 
discoloration of the skin following irradiation, varies very much 
in different indivi<luals, and, according to Omlhis observations. 
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it frequently extends to a considerable distance from the affected 
I r^on. 

In a case of severe X-ray bum with ulceration of the alidomen, 
L the pigmentation extentled over the whole of the anterior surface 
of the trunk and thighs. The pigmentation which follows hypeiiemia 
is, however, more usually limited to the irradiated area. The dis- 
l coloration is much more marked in patients whose akin is naturally 
pigmented, brunettes reacting in this respect much more readily 
than blondes. -■ 

The hyperpigmente<i skin after a few days begins to desquamate I' 
1 with the production of minute brown scales of varying size. \ 

According to Kieiibiic/i; the skin after desquamation is left white, 
I sfaining, bare of down and hair, and exceedingly thin in testure. < 
I Ultimately it regains its normal aspect. The time required for the V 
[ evolution of all the stages of reaction is very varied; the mini- \ 
, mum may be fixed at six weeks, but it is impossible to indicate a J 
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In exi'eptional cases, to the despair of the patient, pigmentation 
remains behind after all other signs of reaction have disappeared. 
This may not be very serious, but in some cases the patient is dis- 
6gured by stripes of deep pigmentation, like a tiger skin. Under 
these circumstances one must inculcate patience ; the brown dis- 
coloration will usually disappear after the lape of some months. 
It is prudent to warn dark-complexioned patients of the possibili 
of this accident, more especially if the treatment necessitates 
production of an intense reaction. 

Ehrmann of Vienna considers that a difference of causation under- 
lies this variation in the duration of pigmentation, distinguishing 
two distinct pathogenetic processes resulting in pigmentation 
The one, more evanescent, is due to the production of ha-mosiderin, 
and its introduction into the cutaneous vessels. It is deposited in 
the intercellular spaces, and produces a brownish tint, which after 
a time may be completely absorbed. On the other hand, the more 
serious variety of pigmentation is caused by the direct action of 
the Roentgen rays on the melanoblasts of the skin, and may subsist 
for years. 

Vesiculation ; Phlyctenulae.— 'llie erythema resulting 
from an intense irradiation may be followed by more serious 
syinptonis. Instead of fading away and disappearing, it becomes 
more pronounced. 
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On the red ervtheniatous surface ele>-atioiis bepin to appear, 
wliich are of different sizes, and may be ot^'umiimte or papular. In 
the early stage they are barely visible, and resemble ordinary con- 
gestion papules. If however, their surface is scratched with a 
needle, a yellow, serous, slightly opatgue fluid exudes, and the 
papule disapjjeafN. These elevations, though of small size, are in 
reality vesicles. They occur in groups or disseminated over the 
surface, and ultimately develop into vesico-bullte, or vesico -pustules, 
which have the appearance of an ordinary eruption. At this stage 
the inflammatory process may be arrested, and the skin may return 
to its normal state after the lapse of some time. In certain cases 
pustules appear at the margin of the aurfni-e which has been 
irradiated. Sal/ourand observed this occurrence in a number of 
cases of tinea which he was treating by epilation, typical pustules 
appearing ai-ound the epilated region, just at the margin of the 
heiilthy hair. These disappeared after a few days' treatment with 
sulphur lotions. 

It is diHicult to determine their exact nature, as they did not 
resemble trichophytic lesions, and did nut appear on the central 
part of the irradiated surface. They did not seem to be the result 
of excessive exposure, but were probably due to the action of 
Hcondary X-rays. 

Superficial Ulceration. ^The vesicles above described do 
not always i-emain disseminated, but may become confluent. This 
usually happens when the period of latency has been a brief one of 
about ten clays' duration. Under these circumstances, bullse and 
phlyctenulwe appear, which may only attain the size of a lentil, or 
may grow much larger. The contents are at firet serous, then 
opai)ue, and finally purulent. 

l^ter on they burst, leaving an ulcerated discharging surface. 
The skin between the phlyctenula; may become softened and 
break down, with detachment of the epidermis, leaving the whole 
surface bare of epithelium, and of a deep red, purple, or violet 
colour. 

\Vheii the phlycteniila- rupture, the itching, which has hitherto 
been severe, gives place to more painfnl 'sensations. Smarting and 
burning uf an insupportable character render rest or sleep im- 
possible. 'The patient,' says Oiidin, ' cannot even bear the i-ontact 
uf the slieets.' This condition may last from ten to thirty days 
before the pi-ocess of healing commences. When the new skin is 
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formed, it is thin, smooth, white, and atrophic, with cicatrices here 
and there. The hair follicles are atrophied, and consetjuently the 
alopecia is penimnent. OccasioDallv deep pigmentation of the 
surrounding skin remainti, with numeroas telangiectases, which lenve 
indelible scars. Ehrmann, Tehky, .SpicgltT, Bal^r, and others, 
report numerous cases of similar gravity. 

The Roentgen Ulcer. — We must now turn our attention 

to the most serious sequel of radiodermatitis, the Roentgen 

ulcer. It is seldom seen at the present day, hut was not un- 

iraon in the early days of radioscopy. It is the result of 

the most severe degree of dermatitis, and consists of more or less 

extensive necrosis of the skin. There is, however, uo distinctive 

type of Roentgen nicer : there are many different forms of vary- 

i ing severity, depending on the irritability of the skin and the 

' quantity of rays Bbsor)>ed. In some cases the ulceration is quite 

superficial, the epidermis only being destroyed, with hut little 

invasion of the true skin. In other cases the lesion goes much 

deeper, extending to the whole thickness of the dermis, and even 

attacking the subjacent tissues. This constitutes the giavest form 

of the Roentgen ulcer, in which the pain is much more severe, 

sometimes becoming terrible in its intensity, and often radiating to 

adjacent paiis. In the preceding stage the ulcerating surface was 

of a uniform red colour throughout. Now spots appear on its 

I surface, yellow, gray, or blackish in aspect, which spread, run 

' tt^ther, and form a slough, which does not extend beyond the 

I imuliated surface. Little by tittle the slough becomes drier in 

I consistence, blacker in colour, and less sensitive, until finally it lies 

mummified and retracted in the centre of the living tissues which 

I surround it. Between it and the healthy tissue a groove appears, 

from which oozes a thick liquid of serous or purulent character, 

I and finally the slough becomes detaclied from the subjac'ent tissues, 

I and a deep ulcer remains, bathed in abundant secretion. In 

favourable cases, after some weeks granulations appear and the 

process of repair commences, and may result in complete healing. 

Frequently however, the ulceration is of a more torpid character, 

showing no signs of cicatrization, and it may even increase in 

extent and depth. This process, as Kienbikk has shown, may 

continue for mouths or even for years, and is in certain cases 

I characterized by a complete absence of pain. 

There is another type of primitive Roentgen ulcer foUowing 
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1 irradiation, which, after a latent period of five to eight 



Happily, such accidents aie rare — in our experience we have not 
met with a single case. They are the result of unskilful treatment, 
requiring an irradiation of from ten to twenty times the maximum 
normal dose. 

Mademoiselle H. dr P'msareff'y in her inaugural thesis on radio- 
dermatitis, writes : ' The healing is desperately slow ; tht; i-esulting 
cicatrix, with its margins indented like a geographical map, and 
the hyperpigmented skin around it, is absolutely characteristic. 
Like the scar of any other serious burn, it continues to contract 
for many months after its formation, thus adding greatly to the 
deformity.' 

Gocbt also remarks that the hyperpigmentation and telan- 
giectases following X-ray burns are most persistent in character. 

According to some foreign observers, neoplasms of a malignant 
nature have arisen in the sL-ars following severe radiodermatitis. 
KHmmel of Hamburg has just published the case of a medical 
practitioner in whom cancer develo[x«l in the scar following X-ray 
dermatitis. Allen has lately communicated a similar case to the 
American Society of Dermatology. 

It is doubtful if the X-rays directly determine the growth of the 
neoplasm. It is more reasonable to suppose that the cicatrix, 
being a point of least resistance, may be more vulnerable to a new 
disease. As is well known, cancer attacks skin which has been 
atfected by chronic inflammation and sclerosis. We do not believe 
that the X-rays produce cancer, since this malady may be grafted, 
as it were, on lesions and cicatrices of the most varied origin. 

The lesions of radiodermatitis are not in any way typical in 
appeaiance. The various distinctions are useful only as facilitating 
description. The iiTadiatcd skin reacts more or less intensely in 
accordance with the idiosyncrasy of the patient and the amount of 
the X-rays absorbed. The reaction may pass through all the 
above-mentioned stages one after another, it may be arrested at 
any stage, or it may miss one or more stages, 

Carl Beck defines three degrees of radiodermatitis : 

'The first degree is characterized by hypertemia and infiltration 
of the skin, accompanied by exfoliation of minute scales and a con- 
siderable amount of itching. Atrophy of the appendages of the 
skin, glands, hair, and nails may follow. 
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' The second degree of dermatitis is characterized by the occur- 
rence of vesiculation and phiyctenulie. Inflammatory signs are 
severe, the tension considerable, and the pain intense. Under the 
phlyctenulte the bared choiioo appears, red and discbai'ging. 

' The third degree is characterized by total destruction and 

sloughing of the irradiated tissues. These show the usual signs of 

dry gangrene ; the sloughs separate slowly, leaving behind an 

I ulcer of a very torpid nature, which sometimes remains unhealed 

'or years.' 

The Later Accidental Lesions. — Signs of radiodennatitis 
usually appear in the course of the first fortnight after exposure. 
Sometimes however they are delayed, making their first appearance 
after a very prolonged interval, thtdhi and Barthilemy reported a 
case of ulceration in a female patient occurring 6ve months after 
the cessation of all radio therapeutic treatment. The patient had 
lieen ex))osetl to an in'adiation of the mammary region to relieve 
neuralgic pain. The ulceration lasted more than a year, and was 
extremely slow in healing. 

Oud'/'i relates a case which occurred in Professor Foumirr's 
('Unique, of a woman in which trophic disturbances set in ten 
months after a coui'se of radiotherapeutic treatment, although 
during the interval the skin had remained perfectly healthy in 
appearance, without any sign of redness, eruption, or pain. In the 
course of another two months the ca.se passed through all the stages 
uf deniiatitis, ending in ulceration and sloughing. 

In 1900 (hulin published two similar cases. In a patient treated 
Jay Dr. Bar by inadiation, a seruui injection was rapidly followed 

r sloughing at the seat of puncture. This was followed by 
nortification, without suppuration, of the whole of the tissue 
^filtrated by the serum. In another case, six months after a 
nurse of i-adiotherapy a hot douche on the apparently healthy 

rface set up ulceration similar to that caused by radiodermatitis. 

According to this author, moi-cover, a slight traumatism in the 
Neighbourhood of a dermatitis, or an injury to an apparently 
healthy surface which has been irradiated, may set up a character- 
istic ulceration. The greatest caution should therefore be exereised 
in carrying out any operative procedure after a long exposure 
I to X-rays. 

An observation of A'U-nb'k-k's illustrates this point. In experi- 
pienUng on a rabbit which had recovered from a dermatitis of the 



190 



RADIOTHERAPY IN SKIN DISEASE 



second degree, a relapse occurred in consequence of a slight acci- 
dental injury to the affected region. 

Happily these more serious accidents occurring after a consider- 
able lapse of time are extremely rare, and may be regarded as 
scientilic curiosities. They all date, moreover, from the early days 
when radiotherapy was in its infancy, when the techniijue was 
defective and empirical, and the nature of the active agent unknown. 
Occasioaaliy, too, results were attributed to the rays for which they 
were not responsible. In the courae of a radiotherapeutic practice 
of more than two years, we have never met with a case of this 
nature. 

Fortunately, we have passed the epoch alluded to by Oiulin : 
'When we see an erythema ajjpear after an X-ray seance, it is im- 
possible to predict what will happen.' With the modern facilities 
for regulating the dose, we are now able to avoid accidental derma- 
titis with some degi'ee of certainty. With even greater certainty 
may the so-called ' late reactions' be avoided. 

The vaiying degrees of ratiiodermatitis may be best differentiated 
by classing them, as Kicnbikk does, according to their different 
periods of latency. 

First Degree. — Latent period of about three weeks. No visible 
inflammation of the skin; temporary shedding of hair; diminu- 
tion of lupus nodules; exacerbation of pi-e-existent congestive 
phenomena. 

Strond Vigrir. — Latent period of two weeks. Tumefaction and 
erythema lasting one or two weeks ; shedding of hairs. 

Third DegTif. — Latency of ten days. Redness, vesication, 
erosion, and exudation ; reitiliit'm ud integrum in from three to 
four weeks. 

Fmirth Degree. — latency of from five to eight days. Necrosis 
followed by ulceration ; cicatrization after sis weeks or more. 

A year or eighteen months after a radiodermatitis of the second 
degree, there sometimes occurs a singular atrophy of the skin, 
accompanied by telangiectases. This atrophic condition occurs 
almost invariably alter a radiodermatitis of the third degree. 

RADIODERMATITIS OF THE OPERATOR. 

The radiodermatitis which affects the operator is usually of a 

chronic character. It is often called a chronic radiodennatitis, 

although the term is not a good one. The chronic and the acute 
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farieties of dermatitis have precisely the same ettalogicai factors ; 
there is only a difference in intensity. 

Its outward appearance ia very different from that of an acute 
dermatitis. It is slow, progresxive, and insidious in its commence- 
ment. It occurs in those who are habitually exposed to the action 
of X-ravs, and usually attacks the hands, which are chiefly exposed 
to the rays in the practice of radiogiaphy antt radioscopy, and are 
often brought into proximity with the tube in radiotherapy. 

Thi& variety of radiodermatitis has a long period of latency, 
rince the irradiations which produce it are of short duration and 
feeble intensity. Its occurrence is due to the continual addition of 
small doses producing a cumulative eHect, which may continue for 
many weeks or months. 

Kterih'kk and Oudhi have specially studied these lesions. They 
are not however in complete agi-eement as to the initiatory signs. 
The latter considere that in the early stages it is the capillary 
circulation which is chieHy affected. The first symptom observed 
may be a certain amount of aiToeyanosis, the fingers becoming red 
or violet in colour and coarse in texture, with a feeling of heat and 
dryness of the skin, unaccompanied by pain. Subsequently a 
diHiise erythema appears. This is must marked on the second and 
third phalanges, which often become swollen, as if from chilblains. 

Kienbiiek describes the fii-st degree of chronic ilermatitis as con- 
sisting of an atrophy of the hair papilla.-, with complete alopecia. 
the hairs returning once or twice after being shed, and then finally 
ceasing to grow, Tliis is the ideal result to be aimed at in the 
treatment of hypertrichosis. There may be more or less atrophy 
of the skin and cutaneous glands, but, according to Kienb'nck, the 
it important symptom is the shedding of the luiir. Oiidhi dis- 

Bwith this view, and reports in detail the course of the reaction 

IJtt}ii§own case. The skin of his hands became erythematous and 
infiltrated: all the suppleness of the skin was lost, but the hairs 
were not shed. Both Kknhik-k and Uiitlin are probably correct, 
the difference in the two cases depending on the irritability of the 
skin and the quantitv of ravs absorbed. The distance of the focus- 
tube, the duration of ex|josure, the difference in the penetration of 
rays used io radioscopy and radiotherapy respectively, and finally, 
the stimulative effect of the rays, must all be taken into account as 
factors modifying the aspect and progress of the reaction. In some 
s the skin of the hand becomes gradually thinner, is thrown into 
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wrinkles, and becomes atrophic. In other cttses the dermis thickeos, 
and becumes less supple ; the normal folds are accentuated, and the 
pigmentation increases. These modifications, says Kie-nbiick, may 
often be seen on the dorsum of the hands of those who employ 
X-rays professionally. The back of the hand is coloured of a 
reddish brown, and the down on the skin is diminished in quantity 
and atrophic in ehai-acter. 

This condition of cutaneous acromegaly may become very painful. 
There is thickening of the finger-tip, and cracks appear on the 
borders of the nails, which reopen continually and are apt to bleed. 

The skin is wrinkled, desquamates in places, and may become 
the seat of active exfoliation of the epidermis, accompanied by 
extensive telangiectases. The palmar surface may be affected in 
a lesser degree. , 

Dr. Brmcj has kindly communicated notes of two cases of 
epithelioma occurring iu the hands nf surgeons practising radiology. , 

The inflammation caused by X-rays in small and frequently 
repeated doses resembled that of xeroderma pigmentosum, con- 
sisting of erythema, spots of pigmentation, desquamation, exfolia- 
tion, angioma, warty growths, and, finally, epithelioma. This is 
an interesting observation, but we have not hitherto met with 
a case presenting all these appearances in the same subject. 

The nails are frequently afl'ected. They acquire a brown colour, 
are flattened, channelled, and split. As Hnhn points out, they 
may take on the appearance of claws. The groove of the nail 
becomes comified, and filled up under the edges and behind with 
mas.ses of detached epidermis. The nail itself becomes brittle, and 
often falls off entirely or in part, leaving the subjacent epidennia 
thickened and scaly. 

As OiiiVin says, 'The troubles of nutrition iu radiodermatitis are 
not confined to the skin. All observers are agreed that if the 
exposure has been sufficiently prolonged, a notable thickening of 
the periosteum occurs, especially in the phalanges, A radioscopic 
examination of the hands shows that the bones are not afl'ected. 
Moreover, the articulations are increased in size, and in my own 
case I noticed that the periarticular tissues were also hypertrophied. 
This greatly aggravates the discomfort and difficulty of tiexion. 
A certain amount of tremor in the fingen* was also noticed, 
Ifalhpiraii and Giulaud have also described lesions of this characte 
occurring in the hands of professional radiographers. 
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In most cases tlie above degree of reaction goes no further ; for 
the operator, warned by its occurrence, ceases to expose his hands 
to the rays, and the dermntitis slowly disappears. If, however, the 
warning is neglected, the dermatitis increases, and a condition 
supervenes resembling an acute eczema. Kienbi'wk reports a case 
of long-continued torpid ulceration of the hand, with destruction 
of the tendons and ligaments of the articulations. 

In order to understand the causation of these serious accidents, 
we should bear in mind that the irradiation of a tisBue greatly 
reduces its power of resistance to injury. This fact has been 
particularly emphasized by Kienhik-k and Kiikn 'niompsun. 

The foregoing pathological conditions are the usual results of 
a long series of exposures of the operator's hands in the course 
of radiography or radiotherapy. Occasionally, however, the early 
signs of reaction do not increase, but remain stationary. We have 
lately bad under our observation a medical practitioner with a large 
practice in radioscopy and radiotherapy. The skin of his hands 
has for a considerable period been dry, cracked, wrinkled, and 
squamous, without showing the slightest tendency to progress to 
a more severe form of dermatitis. The hands are however, slightly 
; irritable in the winter months. 



Treatment of Radiodermatitis and Means of 
Protection. 



A benignant radiodermatitis with slight erythema disappears 
spontaneously in a few days. If the irritation is excessive one may 
apply compresses of boric acid, a soothing ointment of oside of 
zinc, or goulard water, as recommended by A'urniud, Srliijf, and 
Albers-Schocitbirg. In ortier to reduce the j)igmentation, electro- 
lysis and high-frequency currents have been tried, but without 
much effect. Toriick and Hchein prescribe a naphthol pomade. 
Alt Krogius recommends liquid thiol as very efficacious in the 
treatment of radiotherapeutic erythema. Moreover, thiol may be 
Used as a prophylactic, Ijeing impermeable to X-rays. In the 
treatment of tumoui-s by radiotherapy the adjacent skin may be 
covered with a thiol plaster during irradiation. 

The only efficient treatment of chronic dermatitis is the complete 
suppression of the cause. The hands must not he brought near 
a focus-tube. No topical application, no dressing will give the 
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slightest amelioration as long as the hands are continually exposed 
to the rays. Instead of submitting to a complete absteation from 
radio therapeutic work, the pratditioners may protect the hands by 
one of the following devices : 

^Ve need only allude ivi passant to the precautions taken by 
those radiographers who cover themselves with veritable suits of ] 
armour, including casque and gauntlets of lead. 

The most important point is to protect the hands. Oiidtn 
originally wore gloves covered with a sheet of lead, but these were 
very awkwai"d in use. He now prefers fencing gloves, which are 
covered by a thin sheet of brass, and finds that these give a sufficient 
protection. 

Beclirc formerly used gloves having copper shields which covered 
the back of each finger, leaving the palmar surface bare. This is 
sufficient for radioscopy, but of no use in the practice of radio- 
therapy. More recently he has adopted the use of ordinary gloves 
with little bags sewu on the back of the fingers. These are filled 
with bismuth powder, which readily adapts itself to the form of 
the fingers, and does not interfere with tlie movements of the 
hand. 

Since it has been scientifically demonstrated that the X-rays 
have an injurious action on the testicles, producing necrospermia, 
followeil by azoospermia, it may be a question whether these organs 
should not have some pixttection. If this is thought necessary, 
it may be attained by au ajiron consisting of a double layer of 
caoutchouc filled with bismuth powder. In our opinion this should 
be worn by all practitioners of radiotherapy. 

The simplest means, however, of protecting one's self from the 
action of X-rays is to keep as far as possible behind the cathode. 

Some time ago we designed a lead-covered wooden box to contain 
the focus-tube. More recently, at our request, Gaiffe has con- 
structed a special localizer, which has already been described. Tliis 
is the most efficient protection possible against the occurrence of 
dermatitis, and with its use the necessity of wearing spectacles and 
other awkwai-d encumbrances entirely disappears. 

Every variety of treatment has been tried for the graver forms 
of radiodermatitis, and all of them have failed. Iwloform and 
picric acid, which would seem to be especially indicated, have 
proved quite useless. Antiseptics are of no avail, and only 
aggravate the condition. The lesions show but tittle tendency to 
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become the seat of secondary septic infections. ^ Their surface,*^ 
says Qudm, ^ does not inflame, and hardly ever suppurates ; it has 
no odou^r, and, what is still more strange, does not give rise to 
lymphangitis or affections of the glands. For instance, one may 
often see lesions of considerable extent in the neighbourhood of the 
axilla, without any enlargement of the glands, and this even when 
the case has not been treated antiseptically. 

Protective dressings are however required where there has been 
destruction of the epidermis, laying bai'e the subjacent structures. 
The contact of the air with the ulcerated surface aggravates the 
condition and increases the pain. It should therefore be covered 
¥dth a thick layer of cotton- wool, and cocaine may be used to allay 
the pain, if intense. 

In a case of superficial ulceration we obtained rapid cicatrization 
by covering the part with a thick layer of zinc ointment, which 
was in its turn protected by a stei'ilized dressing. 

With the same end in view, we may employ the linimentum 
calcis, which is excellent in cases where the sensation of burning is 
severe ; or we may employ the following pomade, recommended 
by Walker: 

Prepared chalk ... ... 15 grammes 

Olive-oil ... ... ... 8 „ 

Prepared lard ... ... ... 4 „ 



Another formula given by Engmann is : 

Acid, boric. 
Ol. olivae 
Lanoline 
Aq. rosae 



45 granunes 
30 „ 
90 „ 
45 „ 



Usually the linimentum calcis is the most grateful for the relief 
of pain. It is applied freely'to the surface, which is also covered 
by lint soaked in the liniment. 

Dr. Bar conceived the ingenious idea of treating a case of severe 
i-adiographic ulceration by means of red light. Under its use the 
reparation of the lesion was much more rapid than might have 
been expected normally. 

The ulceration was situated on the abdominal wall. A wooden 
was constructed enclosing the entire abdomen. The cover of 
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this box consisted of a plate of red glass. Shielded hy 
apparatus, the patient was exposed to the light of the sun foe 
some houre each day, the cover heiug so adjusted as to be 5 cecti-] 
metres from the uk-erated surface. 

' Theoretically," says Oiulin, 'this experiment is of the greatest 1 
interest, when we remember that the red and infra-red rays are ] 
antagonistic in their action to the violet and ultra-violet rays. 
On a photographic plate the ultra-violet rays and the red rays 
have a diametrically opposite action. A fluorescent screen is 
excited by the ultra-violet rays, whereas the fluorescence is destroyed 
by the red rays of the spectrum. Moreover, we know that the 
superficial lesions produced by X-rays are precisely similar to those 
set up by the chemical rays of the spectrum. It is therefore 
reasonable to suppose that there may be a physiological, as well a 
a chemical, antagonism between the red and the violet rays- Thi«§ 
view appears to be supported by Bar^s experiments. 

We have had an opportunity of trying this mode of treatment 1 
in a patient suffering fi-om a benignant form of radiodernmtitia, J 
The case was one of mycosis fungoides, and had been subjected to ' 
an exposure of somewhat excessive duration. An ulceration of the 
frontal region the size of a five-shilling piece resulted. The 
epidermis alone was shed. The ulcerated region was regularly 
exposed each day to the rays of a red lamp. Rapid cicatrization 
followed in this case. 

On the other hand, whereas an obstinate ulceration of the elbow ' 
resulting from injury was rendered worse rather than better by 
exposure to red light, blue light has been recommended by Kaiser 
in the treatment of radiodermatitis. In 1901, at the Hamburg 
Congress, he reported very satisfactory results following this 
treatment. 

Strebcll has not met with favourable results from the use of blue J 
light, but Mont^'otnery considers blue light to be a direct stimulant \ 
of cell growth. 

In reality most of the published obsei-vations prove nothing a£ to j 
the effect of light. Barn experiment is inconclusive. One half of I 
the ulcer should have been covered by a red glass, while the J 
remaining half remained under a white glass. If under these I 
circumstances one side had healed more rapidly than the others 
we might legitimately conclude that the healing action was due 
to the incidence of the red rays. In many of the cases reported J 
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we may attribute the improvement to the effect of light itself, 
r^ardless of any special coloration. 

Freuiut believes that cold has a most disastrous influence on 
radiodermatitis, whereas warmth is beneficial. He preNcribea 
fumigations and cataplasms. In conjunction with Prtifestor 
Ehrmann, he treated two severe ca.ses of X-ray ulceration by 
exposure to an incandescent electric light of a hundred -can die 
power, which was applied daily for half an hour at a time. The 
pain was greatly relieved and cicatrization speedily followed. In 
this case the result was probably tlue to the action of light. 

Electricity in various forms has been tried, without much success. 
A case treated by AimxIoIi was benelited by the effleuve from a 
static machine, the pain diminishing and the wound healing 
rapidly. Oittiin successfully treated a case of radiographic ulcera- 
tion of the ankle by means of the efHeuves from a resonator. In 
this case the condition improved and healing set in rapidly, cica- 
trisation being complete in the course of a month, whereas there 
had been no alteration of the ulceration during the preceding four 
months. The applications of the high-frei|uency current W'ere of 
about ten minutes' duration, and were repeated three times a week. 

Electric baths appear in some cases to have given good results. 
We reproduce Dr. .ScAa'art;r'» observations on this subject. In 
July, 1898, the patient made a series of ex()eriments with Roentgen 
rays. Soon afterwards an exceedingly painful erythema appeared 
on the back of the right hand. This was tollutved by shedding of 
the epidermis, and extensive ulceration spreading over the whole 
dorsal surface of the hand and laying bare the deeper tissues. An 
atonic ulcer remained, with precipitous edges, on a bleeding fungous 
base, with no signs of reparation. 

The patient complained of severe pain, with burning and smart- 
ing that no treatment seemed to allay. Salol plaster, boric acid 
er, baths, orthoform, and other applications were all in 
The hand was then treated with electric baths, a continuous 
pent of feeble intensity being used. Cicatrization at once set in, 
I the wound soon healed completely after a total duration of 
Ight months. Sinusoidal and triphasic currents may also be used 
1 the treatment of radiodermatitis by means of electric baths. 

Some obsei-vationa of Hu7iihigton''s seem to show that the 
intgen ulcer is due to a vaso-motor disturbance, resulting in 

mtraction of the arterioles and consequent death of the tissue. 
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He advises a radical cure by surgical means. His case was that of 
R patient aged thirty-five years, who had an ulcer of six months' 
duration on the abdomen, following ninetv-nine radioscopie expo- 
sures. On the right side of the abdomen, below the level of the 
umbilicus, was a patch of dermatitis as large as a saucer. In the 
centre of this was an ulcer about 1 inch across, the borders of which 
were acutely hyperaesthesic. Around this, again, was a bypertemic 
zone, which was the seat of violent itching. 

Huntington estiipated the ulceiated area by a deep incision 
down to the sheath of the rectus muscle. The panniculus adiposus i 
was found much sclerosed, and was dissected out for some distance 
beyond the incision. The margin of the skin was sutured to the 
muscular sheath, and the loss of tissue was made good by the use 
of skin-giafting after Thiersch's method. 

The result was quite satisfactory, and the wound has remained 
sound ever since, the cicatrix being slightly red, but with no ten- 
dency to ulceration. An annular keloid elevation surrounds the 
site of the wound. 

This result is of interest, and is in opposition to the generally 
received opinion that all surgical interference, even scraping, should 
be avoided, and that skin-grafting rarely succeeds in these cases. 

3 Action of X-IiayH on. Bacteria. 

The microbicidal action of X-rays has been the subject of much 
discussion. Do they stimulate the development of bacteria and 
render them more virulent, or do they destroy them ? 

On the one side we have a number of observers who maintain 
that X-rays have no action on the life or development of bacteria. 
Among these are Wolfenden and Forbes Hnsn, Beck and SikuUz, 
Beaurcgiird and Gnkhard, Bergtmie, Destot and Ihtbar, Binitm, 
Bruntoii, Blaik'u; Bluist; and Satnbur, Grunmach, Mink, Pott, 
Sahrnzen, and Ririrre^Snrmani, A'itnime!. IViftlhi, n'ojff, and many 
others. On the] other side we have Bcniomo B.nA Gron, Fiorentim 
and Lurasvhi, Frantsiiis, Ijirtet and Getioud, Miihsam, Jii&ler, 
Hahkiu'cht, Spiler, and others, who have been successful in 
diminishing the virulence of niicrobic cultures, in arresting their 
development, and even in determining their destruction by irradia- 
tion with Roentgen rays. 

One of the principal partisans of the bactericidal effect of the 
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rays is H. Rieder. His experiments were mode on plate cultures 
in agar-agar of the vibrio of cholera, Eberth's bacillus, the bacillus 
of diphtheria, ami others, previous to exposure to the X-rays, The 
plate was covered b_v a leaden shield liaving a central aperture. 

The time of exposure varied from one to three hours, the distance 
from the anticathode to the plate being 4 inches. A 12-inch coit 
was used, with 80() intemiptions per minute. 

Koch's bacillus and the vibrio of cholera liotb showed an arrest 
of development over the irradiated area after an exposure of forty- 
eight minutes. The part of the culture screened by the lead shield 
was totally unaffected. AV'hen the plate was placed in the incubator, 
the bacteria developed over the whole of the protected portion of 
the plate, bnt did not do so over the irradiatetl area. 

An exposure of from one to three hours destroyed the cultures 
entirely. 

Similar results were obtained when a metftllic plate was iuter- 
pased between the focus-tube and the culture in order to cut off 
all electric discharges. Positive results were obtained also with the 
Biuillii-tivli, Slaphyli)cixi-ii.t f»fogeiu», and the bacillus of diphtheria. 

From his experiments Rkder comes to the conclusion that 
the Roentgen rays have a distinct bactericidal action. He says, 
* We do not rei|uire to destroy the bacteria in the interior of the 
human body ; we need only offer an obstacle to their development. 
The blood, which is the natural guardian of the organism, will 
suffice to complete the destruction of pathogenic germs, since it 
also possesses well-defined bactericidal powers," 

AxcM'tnaiiH and Cii^pari were successful in producing an arrest 
of bacterial development by means of X-rays, For their experi- 
ments they chose the Microcdccuit prodlgiosiis, on account of its 
strong odour and the I'ed colour of its cultures. 

Dnnysr: confirms their observations. All the microbes on which 
he experimented were aiTested in their development, and in some 
cases, notably in anthrax, he obtained their complete destruction. 

In Italy, Ptuimitii and Porce/li have studied the action of 
Becquerel rays on cultures of bacilli. After exposure to the 
radiations from uranium, the microbes were deformed, and did 
not stain in the usual manner. The authors attribute this 
alteration to a chemical modification of the protoplasm of the 
bacteria. 

The supporters of the opposite view are etjually numerous. 
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Minkf bearing in mind the destructive action of ordinary light, 
exposed cultures of bacteria to the action of X-rays for periods 
of thirty and thirty-five minutes without any apparent effect 
on their vitality. Wolfeiiden and Forbes Ross, Sabrazes and 
Rivihre obtained analogous results with BaciUus prodigiosus, 
Bertoii inoculated guinea-pigs with a diphtheritic culture which 
had previously been irradiated for periods of sixteen to sixty-four 
hours. There was no diminution in the virulence of the culture 
when compared with the non-irradiated culture used in the control 
experiments. 

Scholtz made some interesting observations on cultiu'es of 
different stages of development. As in Rieder's experiments, he 
used a culture-plate of agar-agar, which he sprinkled with drops 
of a culture of the typhoid bacillus. This was covered by a sheet 
of lead, with a central aperture the size of a shilling, and exposed 
for an hour to the radiations from a soft tube at a distance of 
4 inches. In the primary circuit of the induction-coil a current 
of 4 amp^i*es was employed, and the interruptions were 10 per 
second. Under similai* conditions the same tube had set up a 
superficial ulceration in a case of lupus, where five exposures of 
ten minutes each had been given. 

The agar-agar plate was then placed in an incubator. After 
twenty-four hours the culture had grown abundantly over the 
whole surface, no diffei^nce being appi^eciable between the irradiated 
centre and the shielded edges. 

Identical results were obtained in the course of experiments 
with the vibrio of cholera and Bacillus in/anogenusj which were 
chosen in consequence of their feeble resistance to other bactericidal 
agencies. 

In order to determine whether the rays might have a greater 
influence on younger cultures, SchoHz repeated the experiment 
in the following manner : The plate, after inoculation, was placed 
in the incubatoi* for a period of six hours. A slight uniform 
growth appeared over the whole surface. It was then exposed 
to the action of the rays, and replaced in the incubator. The 
culture developed in the usual manner, and no difference was 
apparent between the c^itre and the periphery. 

Further experiments w^re made on cultures of various tridiophytic 
organisms where the growth is mudi slower. These were irradiated 
on four successive days for a pariod of an hour each day. Four 
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davs later the culture had grown ox-er the entire surface of the 
plate, and during the succeeding days no difference could be 
observed between the iiradiated area and that which had been 
screened from tlie radiations. 

' It might be objected,' says Scholl.-i, ' that the germs may have 
been completely destroyed all over the irradiated area, and that 
the absence of any signs of the action of the X-rays on these young 
cultivations was due to the fact that they were proliferating lery 
mpidly.' 

To settle this question, he devised the following experiment : A 
culture of the typhoid bacillus on agar-agar was placed in the 
incubator for foi-ty-eight hours. It was then irradiated in the 
manner above described. On the following day, and again after 
a week's interval, a small portion of the growth was removed by a 
platinum needle, with which a new plate was inoculated. In this 
experiment also no bactericidal action of the Roentgen rays could 
be demonstrated. 

In another observation small pieces of sterilized blotting- pa jier 
were moistened with a fresh culture of Slaphj/locorciis pyogeiiex, 
and subsequently slightly dried. Of these, some were irradiated 
for one hour and some for two hours, while others were not 
exposed to the X-rays. No ditference could be detected in their 
subsequent development. 

In some experiments on the bactericidal action of radio-active 
substances, Freuiiil, Giexel, and II'^aM'AiJ/fobtained negative results. 
The cultures developed in the usual manner, just as they would 
have done if they had not been exposed to the radiations. It 
is probable that the radio-active substances used were not or 
sufficient activity, for subse<[uent experiments seem to have 
established the existence of bactericidal properties in radio-active 
substances under certain conditions. 

How are we to explain these divergences of opinion ? Experi- 
mental error mav be put on one side, for observers like Rierlcr and 
.Scholl,-: are not easily led astray. The cause of divergence must be 
sought in the quantity of the radiations absorbed on different 
occa-sions. Some experimenters exposed the bacterial cultures 
to a prolonged and intense irradiation, in which case the bacteria 
were affected. Others, using a less energetic irradiation, obtained 
no evidence of alteration in their vitality. Rleiler used a prolonged 
ixposure with a very poweiful focus- tube, so that his results are not 

9—2 
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ill any way comparable with those of other observers under different 
conditions. Id all these cases exact measureinentis have been 
wanting, and frequently the degree of penetmtion of the ravs 
is not noted, a most important taiuse of divergence in the residts 
of ditferent authors. Often, too, the observer has generalised the 
residts of his experiments without accurately registering the exact 
details of the technique he employed. The answer cannot be 
expressed in a simple 'yes 'or 'no.' One tan only say that under 
certain conditions of technique the X-rays are bacten'cidal, 
whereas under other conditions they are not so. The important 
point is the dose. It may be concluded with i-ertainty that X-rays 
do destroy the vitality of bacterial cultures, but in order to do this 
they must be greatly in excess of the maximum dose permissible in 
radiotherapy. This is the opinion of Kkubiick; who asserts that 
midt^r ordinary conditions of treatment the X-rays have no 
bactericidal action. AVhile admitting the correctness of RiediTS 
conclusions, Scholtz has also demonstrated that in practice one 
must not rely on any jHtssible bactericidal action of the rays, 'llie 
foe us- tube used in hisexperimentswasa.strongone,and the cultures 
were irradiated with a dose from fifteen to twenty times that used 
in radiotherapy, although the quality of the rays was the same. 

In practice then, we cannot count on a direct destructioD of 
bacilli, since the quantitv of rays necessary to iusure this would 
pi-oduce irreparable damage of the patient's tissues. This is, in 
fact, tlie only point of practical importance. Heat, light, and 
other physical agencies are able to destroy microbes under certain 
conditions ; the important point to consider is whether this can be 
done without at the same time destroying the organism in which 
they reside. 

We have however, no means of knowing wbethei- bacteria are 
influenced in the same manner when they occur in culture media 
as when they are disseminated in the foci of a diseased tissue. It 
may well be imagined that the X-rays have a different effect on an 
agar plate from that which they exercise on a tuberculous or tricho- 
phytic growth. 

Muhsam, Kralzftutchn, Lorttt and Geuoud, Ftortntini and 
LurwKki, and Wciler have experimented on tuberculosis which has 
been artificially induced. They find that X-ray irradiation 
diniiuishes the local reaction, without induenciug the general tuber- 
culosis. 
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SchoUz has devoted a series of experiments to the elucidation of 
this question. Following Scheffer's method, he introduced under 
the skin of a guinea-pig two threads impregnated with Koch's 
bacilli, one on the right side and the other on the left side of the 
animal. The left side was irradiated for ten days, for ten minutes 
each day ; the right side was not rayed. Three weeks after the 
last exposure the hair on the left side began to come out, and the 
surface of the skin was raised and swollen, but without any ulcer- 
ation. The inoculated region had a similar appearance on both 
sides. An infiltration of the size of a goose-quill appeared 
around the threads, and this was followed by a subcutaneous 
abscess. The abscess on the left side was smaller in size, and was 
slowly absorbed, whereas that on the right side broke down and 
discharged. 

On both sides the inguinal glands were enlarged to the size of 
a pea. 

The animal was killed six weeks after the inoculation. Tubercle 
of the spleen was found, and on both sides the inguinal glands 
had undergone caseous degeneration, and contained Koch''s bacilli. 
Both to the naked eye and to the microscope the appearances in 
the inoculated rea:ions were identical. All that could be said was 
that the inflammatory reaction was less marked on the irradiated 
side. No tubercle bacilli could be found at the seat of inoculation 
on either side. 

Schultz concludes in these words : * Under ordinary therapeutic 
conditions I could not detect any appreciable influence of the 
X-rays on tuberculosis experimentally produced by subcutaneous 
inoculation.** 

Sabouraud has experimented on cases of tinea. He made a 
culture from the hairs which were shed during epilation by X-rays. 
We have ourselves examined these cultures, which showed as great 
vitality as if they had been made from hairs which had been 
epilated by tweezers. 

In the American Journal of January, 1903, A. G. Ellis supports 
the same view, and asserts that the X-rays have no parasiticidal 
action, and that the good effects of radiotherapy are not due to 
any destructive action. 

It is well known that irradiation with X-rays will cure lupus, and 
causes a complete disappearance of the bacilli, but here we nmst 
carefully distinguish between their primary and secondary action. 
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The X-rays do not destroy the bacilli directly. The process of 
degeneration in the lupus nodules sets up an inflammatory action, 
which is concentrated precisely in the foci of disease, and results in 
the destruction of the microbic colonies. 

We may therefore agree with Holzknecht: *The cure of an 
infective process is not due to any bactericidal action of the X-rays, 
since the bactericidal dose is many times as great as the curative 
dose."* 



CHAPITER IV 
PATHOLOGICAL ANATOMY 

Ix order properly to appreciate the action of the Roentgen rays on 
the tissues of the body, and more especially on the skin, it is im- 
portant to study the histological chants which are produced by 
an irradiation. One should understand the action of the rays — 
what structures are first affected, what alterations are set up, and 
the exact processes of reparation. By this means we may hope to 
determine the particular morbid conditions in which X-rays may 
be expected to be beneficial, and to distinguish those in which their 
action would be manifestly hurtful. 

And, first, we will consider the histological modification of 
healthy tissue under the action of X-rays. 

From the very commencement of radiography accidental derma- 
titis has occurred, and a certain number of microscopic observations 
have been made. The results however, were not of any very 
practical service, and the reports of cases were principally a record 
of the appearances visible to the naked eye. 

At a meeting of the Medical Society of Vienna in 1898 Kaposi 
gave the following opinion : * The principal effect of the Roentgen 
rays is on the vascular tension, consisting of vaso-dilatation and a 
consequent stimulation of the circulation. There is also a certain 
amount of inflammatory infiltration of the cell elements, and more 
especially of newly-formed tissues, which undergo an alteration of 
their molecular composition, or a fatty degeneration with subse- 
quent absorption.** 

Ne'isser aJso noticed a specific action on the vessels. *' In the 
so-called dermatitis the old idea of a simple inflammatory reaction 
has been proved to be false ;** and Weigert was correct in his opinion 
that all the phenomena are due to a primitive lesion of the vessels, 
consequent on the inflammatory reaction. The necrosis following 
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irradiation by X-rays is iiioit proliably due to some slight altera- 
tion of the vessels. In his opinion the cure of lupus also is due to 
a hypeneniia, which facilitates the cicatrization of the lesions and 
the absoiption of the tulwrtular foci. 

In La France Midkak for 1898 Oudhi, BuHhikmy, and Darier 
published a report of some histological examinations of tissues 
taken from guinea-pigs which had Iieen exposed to the X-rays, 

In JpiMkilin case the slough which had separated from a large 
abdominal nicer was carefully examined by Dorier. ITie micro- 
scope showed the usual appearance of drj' gangi-ene. There was 
no sign of anything exceptional in the vessels or nerves. The 
gangi-ene of the skin and the subcutaneous tissue was complete — 
that was all. 

Following this observation, Oiitlin and Barlhelemy subjected a 
number of guinea-pigs to intense irradiation. Alopecia resulted, 
followed by the appearance of phlyctenulH; and crusts, A careful 
histological examination was made, with the following results : 

'The hairs which fell out showed no signs of atrophy of the 
bulbar portion. The hare skin showed widespread lesions of the 
epidermis and of the hair follicles. The dermis and the vessels 
were not notably affected. 

'The thickening of the skin in all its layers, the enormous 
increase of eleidin (keratoh valine), and the marked ati^ophy of 
the hair follicles, may be explained as the result of a process of 
reaction against a very unusual irritant. This irritant appeared 
to increase the vitality of those elements of the skin which were 
least ditterentiated, without producing any signs of necrosis in 
them. On the contran', the more highly differentiated elements — 
glands, hairs, nails, etc. — were partially atrophied. It was impos- 
sible to understand the exact mechanism of this atrophy, whether 
due to necrosis, vascular disturbance, obliteration, or other causes. 

'In the case of the guinea-pig, it is interesting to notice that 
the aspect which the skin assumed in consequence of this irritation 
is somewhat simitar to the normal texture of the skin in certain 
parls of the animal's body. For instance, in the pad of the guinea- 
]Hg we find the epidermis bare of hair and gtamis, thickened, and 
with a granular layer rich in eleidin, the only noticeable difference 
being the pi-esence of vestigeal remains of the hair follicles in the 
shape of epidermic cones, and in the greater in'egularity of the 
eleVdin and the papilla'.' 
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In his experiments on the radiodermatiti^ of the rahbit, Jntatii/ 
came to the same conclusions. 

rniui had the opportunity of exatnining a portion of human 
skin which had heen irradiated on several occasions, and which 
only presented to the naked eye an appearance of slight erythema 
and pigmentation. By special methods of staining with picro- 
c'ftrmine, orcein, ftichsin, etc., he found that the coltagenoas fibres 
of the connective tissue had become ' basophile.' From this he 

ndudcd that the collagenous tissue was primarily affected bv 
the rays, and that in the process of degeneration it set up a slowly 
progressing inflammatory reaction. 

Gfusmann examined the skin of a patient sutlering from a deep 
X-ray nicer. The most superficial layer was found to consist of 
a mass of necrosed tissue, mingled with cocci, with no trace of 
organi/Ation. In the deeper layers were found colourless fibrillary 
masses, accompanied by a number of leucocytes and nuclear debris. 
The vessels of tlie dermis and of the hypodermis exhibited va-scular 
de^teueratton of their internal and muscular coats. This latter 
lesion, in his opinion, accounted for the slow progress of healing in 
this variety of ulceration. 

Lion made a number of microscopic examinations of portions 
of healthy skin which had been slightly irradiated, and which 
exhibited no change of appearance to the naked eye. In these 
cases he found merely a slight alteration in the walls of the 
palisade layer of the epithelium. Pursuing his researches, he 
made several preparations of the ulcerating tissue resulting from 
X-ray bums of a previously healthy skin. At the margin he 
found the ranieal layer swollen, and the Malpighian layer 
diminished in thickness and filled with vai'uoles throughout its 
whole depth. The cells were swollen, and ap[)eared as if per- 
forated ; the interstitial substance was increased in quantity, and 
full of irregular lacuna?. 

In the papillie the smaller vessels were enlarged and full of 
blood, while their walls were thinned, and had many vacuoles, as 
described by Gaismunn. The lai^r vessels showed signs of endo- 
thelial proliferation. The endothelium itself, as well as the i-on- 
fiet'tive tissue of the va.scular wall, was the seat of considerable 
' vai^uolization. In addition, the Imnds of fibrous tissue were ill- 
deHned, and hyaline in structure. 

Kkrmaim of \'ienna is of opinion that the hyperasmia is due to 
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the direct action of the X-rays on the capillaries. The walls 
Ikcohic altered so as tu permit the passage of the blood globules : 
It diapedesis occurs rather than a haemorrhage. At the same time 
there in an exudation of serum containing ha'moglobin in solution. 
This it ifl that causes the yellow hue of the hypera'inic skin. At 
the Humu time a golden yellow pigment, hsemosiderin, is precipi- 
tated in the interstices of the tissues. The skin retains the 
bruwnish-yellow colour due to this pigment for many weeks, after 
which it may be ultimately absorbed. 

In some instances the skin may contain a large number of melanO' 
blasts, or cells containing black pigment. When such a skin is 
submitted to the action of X-rays, the pigment cells may deposit 
melanin, giving a sepia-coloured tint to the skin, which may 
remain for years. This melanin is totally different from ha'nio- 
siilerin, the former remaining within the nielanoblasts, while the j 
latter is de|>osited in the interstices of the tissues. 

Otcar Salomon exviaed a piece of ulcerated tissue due to an X-ray 
bum. A microscopic examination showed lesions resembling those 
of idiopathic scleroma — viz., degeneration of the papilltc. hyper- 
trophy of the collagenous tissue, and thickening of the walls of the 
vessels, which were surrounded and infiltrated with leucocytes. At 
the deeper part of the uUTr the elastic tissue was quite normal. 
Nearer the surfai-e, however, nuinbedess fibrillar were observed, 
slioi-t, fine, and slightly undulating, generally |»arallel, mostly 
running in a vertical direi'tion, and easily stainetl by the Unna- 
Taenzer and Weigert methods. 

These fibrilla.- became more numerous as they approached the 
sub-epidermal zone of cellular infiltration. Similar fibrillar were 
apftarent on the thickened sheath of the bloodvessels, running io 
H direction parallel to the vessels. 

In these observations there is a certain amount of divei-gence. 
Most of the specimens have been excised from the margins of deep 
ulcerations, and give but a vague idea of the true histological pro- 
cesses occurring in the course of a radiodermatitis. 

Sthtttiz has given the greatest attention to this subject, and has 
made systematic microscopic examinations. For this purpose be 
chose tiie !<kin of the pig, as most closely roembling that of the 
human subject, and also because it reacted lu a similar manner to 
irmdiation. 

Schuitz^ moreover, carried out bb histological examinatioas at 
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each successive stage of the reaction, under condition^i analogous to 
those obtaining during the course of radiotherapeutic treatment. 
The animal was of some considerable si/e, and it was exposed to 
the usual therapeutic doaea of X-ravs, His results are, therefore, 
far more important than those of some other observers, who ex- 
perimented on guinea-pigs or rabbits, and used doses far in excess 
of any which could possibly be employed in practice. 

We will proceed to describe some of the more important of these 
experiments. 

The pieces of skin excised were partially hardened in alcohol, 
and afterwards fixed by means uf firmol, sublimate solution, and 
Fleming's solution, being finally hardened in absolute alcohol. 
They were then enclosed in paraffin or celloidine. Haeniatoxyline- 
eosin, polychrome blue, methylene blue, and safranine were used 
to stain the nuclei and protoplasm. The connective tissue was 
stained by the methods of Gieiai and Cima, in order to show the 
coUacine and collastine. 

Experiment I. — The observation was made on the skin of the 
back of a young pig. A small area was irradiated for an hour, at 
a distance of 6 inches from the anticathode. Twenty-four hours 
afterwards the piece wa,s excised. There was no modification of 
the skin vi.sible to the naked eye. Under the micrascope there 
was no well-marked alteration either in the true skin or in the 
epidermis. The protoplasm of the cells of the prickle layer was 
more highly coloured than normal, and the contours were not .so 
well-defined. Uy Kromayer's method the intercellular processes 
were readily stained. 

Experiment II. — The time of exposure being the same, the 
irradiated area was excised after an intena! of seven days. To 
the naked eye there was no marked alteration, except that the 
hairs were fragile and were beginning to be shed. 

On microscopic examination the cells of the corneal layer were 
found to be more or less dissociated, and here and there t«lls with 
a coloured nucleus appeared. The granular layer had almost dis- 
appeared, only faint traces remaining. The prickle-cell layer was 
notably thinned. The cells themselves were modified in form, 
greatly swollen, and with ill-defined contours, and their volume 
was increased, even in the palisade layer. 'I'he protoplasm was 
strongly stained by htematoxylin, but the colour was diffu.se. The 
nucleus, on the contrary, was but feebly coloured, and the chro- 
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matin was broken up into small fragments and debris. Most of 
the nnelei were swollen, dentate or vacuolized. Vacuoles also 
appeared in the protoplasm, espei^ially in the neighbourhood of 
the nuclei. 

In every microscopic field cells were to be seen whose nuclei had 
undergone rejieated lission. There was no evidence of karyokinesis 
— or, at all event*, only the commencement of the process. As 
one passed from the basal to the corneal layer, the phenomena 
of degeneration increased. Near the surface the cellular outlines 
were barely visible, their protoplasm being fused into a homo- 
geneous mass, and their nuclei very faint. The hair follicles had 
undergone a similar degeneration, which accounted for the fi-agility 
and shedding of the hairs. 

The dermis was slightly cedematous, and the trabeculie of the 
connective tissue were indistinct and slightly swollen. In the 
subcutaneous tissue there was no alteration in the nornml colour 
reaction. On employing UniitCs method of staining for collacine 
and collastine, no basophile reaction was observed. Ilie network 
of elastic fibres was intact. 

There was no alteration in the vessels of smaller calibre, with 
the exception of some slight indications of inflammatory action. 

The connective tissue cells were slightly modified. They were 
swollen, sometimes abnormal in form, and their protoplasm stained 
unifomdy. 

The same evidence of slight commencing degeneration was 
observable in the sudonparous glands. The cells were pio- 
lifer-ating here and there, and blocking the excretory canal. 

In the larger bloodvessels degeneiutive lesions had made their 
appearance. These occuiTed in the middle coat, but were more 
frecjuent in the internal coat. The cells of the latter were swollen, 
and projecting into the lumen of the vessel ; while some of them 
were proliferating and disintegrating, and were at the point of 
being washed away by the blood-stream. 

Experiment III. — The skin on the back of a young pig was 
irradiated for fifteen minutes, at a distance of 6 inches, on nine 
consecutive days. The irradiated area was excised twenty-four 
hours after the last exposure. 

To the naked eye the skin appeared slightly erythematous and 
atrophic, and the hairs were beginning to fall out. 

Under the microscope the modifications of the skin were similar 
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to those described in Experiment II., but much uiore marked. 
Sigtii of in6ammfttory reaction were noticeable. A slight inKltra* 
tion of leuc(xytes and some polynuclear cells were visible around 
the vessels of the true skin, and in the Malpighian laver a certain 
number of migratory cells were apparent. The smaller vessels of 
the papillary bodies were slightly dilated. 

Experiment IV. — The ear of a young pig was irradiated daily 
lor eleven days at a distance of 6 inches, for fifteen minutes each 
days. Six days after the last esposure a small portion of the 
border of the ear was excised. 

The hairs had been sliet) on both the outer and the inner surface 
of the ear, and the skin beneath was red and atrophic. In the 
middle of the external surface of the ear there was a slight phlyc- 
tenuloid elevation of the epithelium. 

Under the microscope the appeai-anees of degeneration were 
similar to those of Experiments II. and III., only more advanced. 
'Ihere was sharp inflammatory reaction, with abundant migration 
of (xdynuciear cells. Numbers of leucocytes were travelling towards 
the epidennis. Some of these had already penetrated into the 
interior of the degenerating cells, and were acting the part of 
veritable phagwytes. In the midst of the pus globules were found 
a number of so-called ' mast-cells ' charged with granules. 

In the centre of the irradiated area the corneous layer was 
raised, and beneath were masses of leucocytes closely packed 
togetlier. 

^Vhere the skin had been most affected by the rays, and the 
surfai-e was discharging, the corneal layer had dlsappeai-ed com- 
pletely and an ulcerative proi'ess had begun. 

The network of elastic fibres was still intact, but did not stain 
so well. The cartilage of the ear was not attacked, and the sub- 
cutaneous tissue had undergone changes similar to those in Experi- 
ment III. 

In the hair follicle the epithelial sheath had undergone a process 
of degeneration exactly similar to that which was observed in the 
Malpighian layer. The whole hair follicle is thus destroyed Httle 
by little and replaced by masses of leucocytes. 

Experiment V.— The skiu of the back of a pig was irradiated 
by X-rays during nine days, for a quarter of an hour each day, at 
a dislanc-e of (i inches. The exposed area was excised eight days 
after the last exposure. 
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The skin had begun to discharge four days after the final 
exposure. It was covered l)y a thin fibro- purulent membrane, and 
was superficially necrosed. The appearance of the lesion resembled 
that of a septic bum of the second degi-ee, after the blisters have 
disappeared. 

The histological appearances were the same as the preceding. 
The corneal and Malpighian layers had completelydisappeared. In 
their place was a collection of polynuclear leucocytes enveloped in 
a line network, with cellular and nuclear debris in the interstices. 
Here and there a fine librinous network could be demonstrated bv 
Weigert's method. Above this collection of leucoi-ytes was a thin 
layer, com|iosed of disintegrated pus globules, the remains of nuclei, 
and a collection of bacilli and micrococci staining deep violet by 
Gram's method. 

'llie scab of an ulcer caused by radiodermatitis was thus formed 
of the remaius of leucocytes, cellular and nuclear debris, and bac- 
teria. On the lower side it was clearly differentiated from the 
skin at certain points, whilst in other parts it was continuous with 
the subjacent infiltration of the connective tissue. 

The papillary bodv was easily recognised, and retained its con- 
figuration unimpaired. 

The fibi-es of connective tissue in the neighbourhood of the 
slough were swollen and infiltrated with serum, and even broken 
down in places. The network of elastic tissue was still entirely 
intact. 

The connective- tissue cells were degenerated, and their proto- 
plasm was swollen, staining in a diffuse manner; the nuclei only 
stained with difficulty, were irregular in shape, and often multi- 
form. The medium-sized vessels showed signs of cellular degenera- 
tion in their inner and middle coats. The cells of the internal 
coat were proliferating and detached, with vacuolization of the wall 
of the artery, as described by Gfimmwui and Lyon. 

The smaller vessels were dilated, filled with blood, and surrounded 
by leucocytes. Here and there, in the collection of leucocytes, or 
in the dermis itself, were foci of hemorrhage of greater or lesser 
size. 

The cells lining the sudoriparous glands showed degenerative 
changes. The hair follicles and selmceous glands were entirelv 
destroyed. In their place was a mass of leucocytes, mingled with 
the debris of nuclei and fibrilla;. 



PATHOLOGICAL ANATOMY 14a 

.Scfioltz has also studied the course of reparation in these ulcei-s, 
baling bis observations on the human skin. He says : 

'The infiltration of the dermis disappears, the connective- tissue 
cells regain their normal appearance, and where the papillary lajer 
ha.s been destroyed, it is renewed as a horizontal lavcr, much thinner 
and finer than before. The epidermis Ijegins to be regenerated at 
the margin of the wound, covers in the papillary layer, and sends 
prolongations downwards between the papilla;. The akin is com- 
pletely renewed, with the exception of the hair follicles and the 
sebaceous follicles.' 

Although the proce.ss of repair appears to be complete, the new 
tissue for some time retains certain abnormal characteristics. The 
appearance which the cells presented at the commencement of the 
radiodermatitis persists for some considerable time. This fact 
explains the special sensibility of the irradiated skin to the X-rays 
and other irritating agents. 

In America and elsewhere numerous histological studies have 
been made on this subject. Most of these, however, relate to 
tumours or carcinomatous lesions treated by X-rays. We shall 
return to them later on. 

According to the views of Ptuitj, the primitive action of the 
X-ravs is on the epithelial cells themselves, since the alteration in 
their structui-e is apparent long before there is any visible lesion of 
the bloodvessels. Cellular alteration was early produced in nil 
tissues, whether neoplastic or normal, with varying intensity and 
rapidity. Only in the latter stages do modifications of the local 
circulation intervene. 

Prtifensor von Bruno of Tubingen also admits the selective action 
of X-rays on the cells of epithelial tissue. It is to this character- 
istic that one may attribute the action on cancer, as we shall see 
later on. 

Recent experiments by Alhrx Schiinberg and Frtibni seem to 
show that, at all events in the guinea-pig, the X-rays act on the 
cells of the testicle as well as on the elements of the cutaneous 
tissue. 'ITiey seem to have the projwrty of producing degeneration 
of the epithelium of the s[iermatic ducts, and consequent complete 
azoiispcrmia. It is of importance to discover if the results are 
identical in the case of the guinea-pig and in the human subject, 
and, moreover, if the results follow an irradiation such as may be 
given during a conrse of radiotherapy. It is well known that 
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apparently opposite results may be obtained, according to the 
quantity of the rays absorbed and the size of the animal used in 
the experiment. 

We have not ourselves verified Schollz'/t histological results It 
seemed to us more useful to devote our time to the therapeutic 
experiments, more esjjccially as SclioUzn work seemed to be carried 
out with the highest precision. 

It is, nevertheless, certain that the histological results hitherto 
obtained are not entirely L-onclusive, and that the greater part of 
the modifications above described may possibly be the result of an 
in-itaut other than the X-rays. 

We will close this chapter by a rt-sumc of SchoUzi conchisions : 

1. The Roentgen rays exercise their chief influence on the cellu- 
lar elements of the skin. The cells are attacked first, and undergo 
a slow process of degeneration, whilst the connective tissue, the 
elastic tissue, the inusi'les and cartilage are hut slightly affected, 
the change in these tissues being secondary to the cellular degenera- 
tion and to the inflammatory processes of reaction. 

S. The degeneration primarily attacks the cells of the epidermis; 
afterward^, in less degree, the gland cells, and those of the muscles 
and connective tissue. 

y. The phenomena of degeneration are variable, and extend to 
the nucleus as well as the l»dy of the cell, 

4. When the process of degeneration has attained a certain 
degree, phenomena of inilainiuatory reaction set in. These are 
manifested by dilattition of the vessels, serous infiltration of the 
tissues, and a migration of the leucocytes, which often results in 
considerable infiltration 

Wherever a considerable degree of cellular degeneration occ-urs 
as a consecjuence of intense irradiation, the leucocytes Hock thither 
eH iiifiAit; and aid in the complete destruction of the injured tissue. 

o. The lesions, lx>th of the larger vessels and of those of smaller 
calibre, play a most im[)ortant part in the production of the 
Roentgen ulcer, and explain the extremely slow course of its 
reparation . 



CHAPTER V 
PATHOLOGICAL PHYSIOLOGY 

This chapter must necessarily be more or less a chapter of hypo 
theses, for we meet with enormous difficulties when we endeavour 
to penetrate into the intimate life processes of an individual tissue 
To explain satisfactorily the phenomena consequent on an exposure 
to the X-rays, we should know the biological properties of the 
radiations, and the modifications of cell-life due to their influence, 
both of which are completely unknown to us. 

C E. Gittaume was the first to explain these modifications of 
cell-growth by supposing that the organic liquids are decomposed 
by a sort of electrolysis, and that it is the acids and bases thus set 
free which disorganize the tissue. This hypothesis is not admis- 
sible, for as we have already shown, radiodermatitis is the result 
of the X-rays themselves, and not of the electrical discharges, 
without which no electrolysis is possible. 

GcLsmnann considers the cause of the lesions to consist in a 
primary alteration of the vessels, which results in necrosis of the 
tissues. The pathological observations brought forward in support 
of this view are opposed by the researches of Scholtz, ITie i-esults 
have been attributed to a number of hypothetical causes — to the 
occurrence of local spasms, to acute anaemia, to passive congestion, 
etc. None of these however explain the occurrence of late and 
deferred lesions, or the long period of latency which precedes 
reaction. According to Unna^ the X-rays are able to act only on 
the connective tissue of the skin, ^ the most indolent of all tissues,** 
and hence the slowness of evolution and reaction. 

Another explanation proposed is that the living cell is destroyed 
by the coagulation of its albumin. Now, Oudin says the X-rays 
do not destroy microbes, or do so but feebly. There are, therefore, 
some cells whose albumin is coagulated by X-rays, and others on 
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which they have no action. This theory, again, does not explain 
the ofcurrence of the late lesions, appearing, it may be, months 
after irradiation, since during tKis long interval of time all the 
cellular elements will have been replaced by new ones, 

A more reasonable hypothesis is that put forward by Oudin in 
1897, With Barthilemij and Daricr, he believes that tlie cutaneous 
symptoms may possibly not be primary, but a degeneration 
secondary to an injury to the trophic nerves of the irradiated area. 
Tbe immediate action of the radiation is on the subcutaneous 
nerve cells. This is followed by an ascending irritation of the 
nerve fibres in connection with the injured cells; then follows a 
centrifugal neuritis, and consequent mortification of the tissues. 

On this hypothesis there would be a close analogy between 
ulcerations due to tropho- neurotic neuritis and those doe to 
X-rays. 

Oudin says : ' How, except by the intervention of a secondary 
neuritis can one explain a case like that of Apostoli .'* More than 
a year after the occurrence of dermatitis a lai^ cicatrix began to 
break down, the ulceration recommenced, and the whole series of 
primary dia-matitis was reproduced. All this occurred without 
intervention of the smallest injury or irritation to the part. How 
else can we explain the occurrence of late lesions without any local 
symptom which would lead one to suspect such serious compli- 
cations.'' Let us take the case in which the lesion follows tlie 
ordinary course. The superficial redness is seen on the second day; 
it remains stationary for a period of eight to fifteen days, then 
vesicles appear, and later on phlyctenula", which soon begin to 
ulcerate. It is only at the end of fifteen days or a month that one 
is able to estimate the degree of severity of the lesions resulting 
from an X-ray irradiation, and that one finds tlie tissues beginning 
to mortify. Occasionally even long after this, new and unexpected 
sloughing sets in around the primary lesion. 

*One is struck by the similarity of these phenomena with those 
of peripheric neuritis following on injury. From two to four weeks, 
or even longer, after the injury a cutaneous lesion sometimes 
appeal's which strangely resembles a Roentgen ulceration. It is 
true that in an X-ray dermatitis we do not get the anaesthesia 
and muscular atrophy which characterize a tropho -neurosis of 
traumatic origin. In the latter case however the injury, section, 
or bruising of the nerve involves the whole of the nerve trunk. 
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witli its motive, sensitive, and nutritive fibres. We may imagine 
in the X-ray dermatitis a specialized action of the irritant, affecting 
tlie trophic terminations of the nerves in the sub -epidermic layers, 
nnd hente the sympathetic nervous network which presides over 
nutrition. 

'It cannot be said that the sensitive fibres entirely escape injury. 
It is true there is no anuesthesia, but we often find painful 
sensations of great intensity, which are not limited to the ulcerated 
region, and may extend to distant parts of the body, which are 
innervated by the same nerve supply us the area which has been 
irritated by the rays." 

At the Congress of Medicine at Montpelier Bertin-.S'aTis and 
/fw/rf exhibited thespinalcordsof a number of guinea-pigs, showing 
the specific anatomic modifications of meningo- myelitis. 

Br'uiiw and Moral reported the results of similar experiments 
to the Society of Sciences at Lyon in May, 1897. These were 
observations on trophic disturbances following section of the 
posterior roots of the lumbar nerves. Thi-ee separate experiments 
were made on dogs. A section was made of the roots of the two 
last lumbar nerves and of the anterior nerve on one side, at a spot 
between the ganglion and the spinal cord. Two months after- 
wards trophic disturbances made their appearance in the feet, an 
ulceration like that of perforating uU-er set in, and the hair fell 
out. The section of the anterior nerve roots only was not followed 
by any trophic disturbances, thus showing, in the author^s opinion, 
that these were due to the lesion of the posterior roots. The 
integrity of the spinal ganglion and of the sensitive nerve trunk 
does not prevent the ulceration. 

This explanation accoimts very satisfactorily for the occurrence 
of late lesions, but it does not Ht in so well with the ordinary 
course of reaction. The lesions of slow evolution are exceedingly 
rare. It is difficult to understand how a tropho- neurosis could 
cause the more ordinary symptoms of erythema, infiltration, and 
vesiculation in so short a time. A primary inflammatory phase 
must almost necessarily intervene between an injury and the 
trophic results. Moreover, in many instances the whole reaction 
disappears in the course of ten or fifteen days, and the process 
of repair is complete. Again, in certain varieties of uk-era- 
tion the X-rays seem to exercise a stimulant action, and to 
facilitate the process of hcahng. As yet we have had no 
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corroboration of this hypothesis from an anatomical or patho' 
logical standpoint. 

In opposition to this viem are the results communicated to the 
Congress at Beme in 1902 by .Saia of i'avia of his esperi- 
meuts oil rata and guinea-pigs, in order to determine whether tlifi. 
alterations in tlie skin were due to lesions of the nerves of tha 
periphery, or of the central nervous system. 

A histological examination of the animals after death failed 
to reveal any alteration either in the spinal cord or in the peri- 
pheral nerves. 

A novel hypothesis was propounded by H. P. Pratt at thff 
American Congress, in which he explained that the X-ray bum 
was caused by air-home microbes which were driven into the tissue^ 
and that these bums might be entirely obviated by the interposj* 
tion ofa screen of celluloid a tenth of an inch thick. 

Skinner, however, has produced an X-ray bum by an in-adiation 
through a surgical dressing, and the interposition of an aluminiunii 
screen, much less of a celluloid plate, will not prevent the occur- 
rence of reaction. 

A more complete hypothesis is that given by Pr(»ftasitr Ledm 
of Nantes. We quote Mdfle. de Pisareff', who received the ex- 
planation from himself: 

' The Roentgen rays, in common with all rays which are capable 
of impressing a photographic plate, have the property of dis- 
charging a negatively electrified body. Sinc-e it conducts electricity, 
the human organism may t>e considered as an electrolyti 
dielectric liquid in which float a number of ions, some carrying a 
positive and some a negative charge of electricity. If the same 
phenomena occur in liquids and in the living body as in air, we 
must allow that the chemical rays, as well as the Roentgen ra\-s, 
have the power of discharging tlie negative ions, which thus jwss 
into the state of elementary atoms. This process must necessai'ily 
disturb the chemical equilibrium of the solution. 

'An analogous phenomenon takes place on the photographic 
plate. Here we have two varieties of ions ; the silver ions, charged 
positively, and the bromine ions, charged negatively. The latent 
image results from the discharge of the negative bromine ion, 
which is set free as an elemental atom. This causes a disturbance 
of chemical equilibrium, which is rendered manifest when the plate 
is developed, the chemical reactions of the impi-essed portions 
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being totally different from those which have been tihielded from 
in'adiation. Just as the image exists in a. Intent state on the 
photographic plate till the developer reveals it, so an alteration of 
chemical equilibrium exists in the tissues which may be manifested 
after considerable delay by the occuiTcnce of late lesions. In this 
tissue of unstable equilibrium, disturbances of nutrition may play 
the part of the developer of the photographic plate. 

' From another point of view one may compare the action of 
X-rays on a living tissue to that of an unoxidizable anode, which 
discharges the negative ions, sets them free, and produces 
secondary reactions resulting in the destruction of the tissue. An 
acid radicle— like chlorine, for example — may exist harmlessly 
enough as an ion in the economy. When it comes into contact 
with an anode it loses its negative chai'ge, is set free as an element 
in the nascent state, and attacks the tissues violently, taking away 
hydrogen to form hydrochloric acid, and setting free gaseous 
oxygen." 

MdQe. Pharcff" considei-s that the experiment recently designed 
by Profes-ior Leitue to support this view in reality rather dis- 
proves it. Two metallic plates connected in circuit with a 
galvanonieter are immersed in an electrolytic liquid. If a pencil 
of X-rays l>e dii'ected on to one of the plates, a difference of 
potential should result in consequence of the discharge of the 
negative ions. This effect has not been observed. 

M. Ixd»c then explains the reaction of the X-rays a^ due to 
chemical action. Kifnbik-k had already put forward a similar 
hypothesis. According to his theory, radiodermatitis is due to a 
chemical modification of the tissues, produc-ed by the X-rays 
al)sorl>ed. He says : ' The analogous dermatitis following ex- 
]]osure to the sun's rays or the light of an arc lamp is due to the 
traiisforiuation of actinic into chemical energy. The ultra-violet 
rays have a further resemblance to X-rays : they excite phos- 
phorescence and fluorescence, they reduce bromide of silver, they 
influence the germination of seeds, and, under certain conditions, 
they may arrest the growth of bacteria. 

Kirnhikk considers that under the influence of the rays abnormal 
toxic substances are formed in the cells themselves. The long 
period of latency is due to accumulation of noxious products in the 
tissues, which, after a certain lapse of time, l»ecome sufficient to pro- 
dtice reaction. The poisonous substances or toxins may be either 
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abnornisl products, or noniial produi-ts, I'esulting from altered 
metjilmlisni, which in the ordinary course of events are rapidly 
absurtjed liy the cells. 

ITie symptoms of general intoxication, fever, headat-he, noc- 
turnal deHriuni, etc., which follow the inva.^ion of toxins, ai-e also 
sometimes met with in the course of an acute radiodennatitis. 
' In this case,' says Kifnhiick; ' the toxins are formed in the injured 
tissues, and the general intoxication results from the passage of 
these toxins into the general circulation,' 

Numerous observations attest the possibility of an alteration, 
temporary or permanent, in the activity of the cellular elements. 
Warm-blooded animals are much more sensitive to X-rays than 
cold-blooded animals, as may Iw seen by comparing their action on 
the mouse and the frog. Young subjects react more rapidly and 
more violently than adults, and these are more sensitive than the 
aged. Organs moreover, like the skin, hairs, etc., in which the 
i«lls are undergoing active cellular proliferation, are more sensitive 
to the action of the rays than other tissues. 

Kknbi'ic],- thus concludes : ' In Roentgen dermatitis we recognise 
a reaction of the cells of the tissue, penetrating to the depth of 
the skin, followed by disturliances of nutrition of chemical origin 
due to the aljsorption of the rays." 

Puaey in America thinks that the ill effects are due to the 
actinic properties of the Roentgen rays. 'They are,' he says, 
'analogous to the actinic properties of light. Like the ultra- 
violet rays of the spectrum, tlie Roentgen rays are invisible, but 
excite fluorescence in certain substances, and produce similar 
inflammatory lesions in the skin and subcutaneous tissue." 

LijAw and Bouhid have shown that X-rays, under certain con- 
ditions, modify both the glycogenic and also the glycolytic functions 
of the liver. Some authorities think that the action on the organism 
mav be due to some s[)ecial modification of glycogen. 

Schwartz of Vienna has demonstrated that lecithin is rapidly 
decomposed by the rays, and considers that their pathogenetic 
effects may be due to this action. To prove this, however, it would 
be necessary to show that the tis.sues most inimical to the rays were 
precisely those which contained the greatest amount of glycogen 
or lecithin. 

According to Ulmann. X-ray dermatitis is due to a chemical 
alteration of the tissues. As in the case of ultra-violet rays of 
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light, the actinic energy of the X-rays is transfornietl into chemical 
energy when these are absorbed by the tissue. There is a con- 
sequent production of tosins which, may cause serious necrosis. 
with an occasional rise of temperature. The number of these 
hypotheses of itself indicates the difficulty of the problem. 

It seems proved that the X-rays are able to set up chemical 
alterations in the tissue, the manifestation of which is more or less 
i-etardExi according to circumstances. This explanation is reason- 
able enough. There is & rising tendency at the present time to 
classify the Roentgen rays with ultra-violet rays of light, the 
ethereal vibrations which most resemble them ; and it would not 
be surprising if the reactions they produce were due to a similar 
cause — viz., their actinic energy. From a biological stand|ioint 
the X-rays might then \x regarded as the most powerful variety 

of light. 

Although the actinic energy of the X-rays may be regarded as 
analogous to that of ultra-violet light, the two are by no means 
identical. The former must be a special form of actinic energy, 
since it is able to determine in the tissues reactions particular to 
itself, as, for instance, the well-known lesions of slow evolution. 
Moreover, the fact that sunlight and X-ravs have opposite effects 
on the coloration of certain salts, the one decolorizing and the 
other coloring them, shows us that, although analogous, these 
two agents are not identical. 



CHAPTER VI 
RADIOTHERAPY 



The bums and other accidents which sometimes result from 

a^peated exposure to X-ray irradiation are always inconvenient 

and sometimes disastrous. Were we not able to obviate them 

^ith almost complete certainty, radiotherapy would have remained 

a dangerous and empirical art. It would have continued to be 

a curiosity of the laboratory, and would never have evoked the 

enthusiasm with which it is greeted to-day. Fortunately, at the 

present time we can regulate the action with approximate accumcy 

thanks to the recent discoveries of physicists, to the instruments of 

exact measurement which have been devised, and to the scientific 

•.__! :^.,^ ^»i^;/.Vi Viflc Vipen evolved. At most we mAv 0^4- « ^i- 1^, 



It must never be presumed that the employment of X-ray 
irradiation will be free from all possible danger. Any powerful 
therapeutic agent is capable of producing injurious effects even 
when employed with method and with all possible precautions. 
These may be due to a special idiosyncrasy of the patient, or to 
some particular condition difficult to determine. Cases of this 
kind constitute the exception, but occasionally occur in the course 
of radiotherapy. 

In the whole course of our experience of X-rays in the treatment 
of skin disease, we ha\'e never had a severe case of dermatitis. 
Now and again the reaction has overstepped the desired d^ree, 
but we have had no reason to deplore one of those terrible cases 
of radiodermatitis which are at once the despair of the patient and 
the reproach of the practitioner. 



■ RADIOTHERAPY IffS 

In this chapter we shall discuss the various factors which must 
'** taken into consideration in the practice of radiotherapy. In 
"•^i^r to succeed, and still more in order not to injure the patient, 
*»' of these niiist be cnrefully weighed, although they may not all 
^**^ «Df the same importance, 

Hadiotherapeutic treatment then includes two principal factors 
-the active agent and the patient, 

^Ve will first consider the part played by the patient, the 
■•^sibilitv of his tissues, the disease from which he is suffering, 
c»d the reaction desired. 

In the nest place we will examine the factors which influence 
*»c dose of the active agent — the X-rays. This is a most important 
ancb of the subject, and includes a consideration of our means of 
act measurement. 



I. Factors lii'latiuft to the Pntivnt. 

Reaction is Proportional to Quantity of X-Rays 
absorbed. — Kicnbiick, in his study of the X-rays on the skin, 
thus sums up the question: 'The degree of reaction depends 
essentially on the quantity of rays which strike the skin.' In 
other woi-ds. the modification which the irradiated tissue undergoes 
is proportional to the quantity of rays absorbed by it. As Beiii-re 
has pointed out, this law may be extended to cases involving the 
irradiation of the deeper organs of the body. 

It is only true, however, so long as the quality of the rays remains 
unaltered — i.e., so long as they maintain their initial degree of 
activity. It is evident that a large quantity of highly penetrating 
rays will produce a stronger reaction than a small quantity of less 
penetrating rays. 

The second law is that the duration of the period of incubation 
varies in inverse ratio to the strength of the dose. 

Kienbikk proved this experimentally in the following manner : 
A cutaneous area was inadiated by a focus-tube placed at a short 
distance from the surface. ITie reaction commenced at the point 
nearest to the anticathode, where the quantity of rays absorbed 
was a maximum. For the same reason the radiodermatitis was 
most marked at the centre, the reaction gradually fading away 
towards the circumference. On the other hand, the processes of 
repair began at the ciriumference, and !ipi-ead towards the centre. 



U^ 






154 RADIOTHERAPY IX SKIN DISEASE 

The iiiatheinatkal reason for this effect is described in the cha] 
which deals with the nieftHureinent of X-rays. 

As shown by Dinilot, the radiations from radio-active subel 
furnish additional proof of the truth of this law. In this 
source of the radiations was evidently not subject to variation, and 
the distance from the skin was kept constant. Under these con- 
ditions, it was found that the severity of the lesions was strictl; 
pi-oportional to the time of exposure — (.f., to the quantity of 
impinging on the skin. 

In radiotherapy one should endeavour to irradiate the ti; 
with the exact quantity necessary to produce a definite result. 

The dose necessary for the production of an alopecia will naturally 
be less than that re(|uired for the destruction of an epithelioma. 
In the use of other therapeutic agents we are often obliged to varv 
the dose. A given drug mav have a tonic action in a small dose, 
an emetic action in a moderate dose, and a poisonous action in 
a large dose. The .same may be said of the X-rays. Take for 
example tbeir action on the scalp. In small fractional doses they 
have a stimulating effect on the hair, producing an action similar 
to that of a rubefacient lotion, whereas in large doses they cau^ 
epilation, and in still larger doses vesiculation, ulceration, (M 
sloughing. ™ 

What is the therapeutic dose of the X-rays ? The answer to 
this question depends on a number of factors, the most important 
of which is the nature of the lesion. In another chapter we shall 
endeavour to discuss more fully the doses of X-rays which we have 
found to give the best results. Here it is sufficient to note that any 
exposure likely to cause dermatitis is greatly in excess of that 
necessary to produce epilation. Taking this last quantity as unity, 
a dose of 5 units will set up a moist inflammatory reai-tion, and 
10 to 2<) such units will probably produce an obstinate ulcera- 
tion. In our opinion these iiuml>ers are much too high, and the 
operator who trusts them implicitly will probably have to regret 
the occurrence of accidental dermatitis. In fact, the quantity of 
X-rays i-equii-ed to produce alo]>efia is very indefinite, 
epilation does not occur in the same manner in different 
viduals, and varies, moreover, in different pails of the bodj 
On the hairy scalp the results are rapid and very satisft 
whereas on the lips and cheeks they are slow, and often 
disappointiiig. 
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Idiosyncrasy.— It may t>e of interest to imjuire whether certain 
individuals possess a spetiat idiosynirasy in rejrard to the attion of 
X-inys. as might f>e surmised from the fact tliat the effet-t of an 
identical dose varies so greatly in different cases. The question 
resolves itself into this: Can a dose which in one person is only 
sufficient to set up slight redness, produce in another individual 
a severe dermatitis 'f 

Ever since the first introduction of radiothera|>eutics the exis- 
tence of a special idiosyncrasy has lieen the favourite hypothesis 
to aci-ount for X-ray bums, It was not thought necessary to seek 
further for the cause of the dermatitis, as it was much easier to 
atti-ihute all accidents to a predisjxisition on the part of the 
[Hvtient. 

Nearly every author who studied the X-rays in the early days of 
radiotherapy speaks of this idiosyncrasy. Oudin says : ' The ques- 
tion of idiosyncrasy has always played an im{)ortant role in the 
accounts of X-ray burns. At a time when the subject was hut 
little understood this was a convenient way of thi-owing on the 
patient a portion of the responsibility. Idiosvncrasv was the 
defence of the operator against the patient — a defence, be it said, 
neithei" scientific nor honest." This is jierhaps too severe. It is 
too much to assert that there is no such thing as idiosyncrasy. 
Nevertheless, Oud'm is near the truth when he remarks : ' One had 
to admit the existence of idiosyncrasy, Iwcause one could not 
imagine any other efficient cause of the accidental dermatitis.' He 
goes on to say ; ' In co-operation with Dr. Barthekmy, I have made 
a long series of observations on this question. For this puqtose 
we made choice of subjects of the most varied constitution, differing 
in the coloration of the skin and hair, and also in temperament. 
These we submitted to irradiations of similar intensity for radio- 
graphic purposes. We came to the conclusion that there is no 
evidence that some individuals have a special vulnerability to the 
ai-tion of the X-rays. The most that can be said is that of two 
subjet'ts equally irradiated, the weaker and less resistant will have 
a little stronger reaction.* 

Kitribikk't opinion is in the same sense, though less emphatic : 
' A special predisposition of the individual does not enter into the 
f|Uestion of X-ray dermatitis. I feel sure that in the great majority 
of cases the cause is to be traced to hyperesposure. This is the 
origin of every case of Roentgen ulcer hitherto published. We are 
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hand, in the caBC of a brunette the greatest care should be taken 
or pigiiteatation may result. In treating a hypertrichosis by epila- 
tion, for instance, hyperpignientation may occur in spite of the 
greatest precautions, and this without the production of even a 
jiartial aloiKcia. This pigmentation is not permanent however, 
but disappears after the lapse of some time. 

Tlie skin of a child is more sensitive to X-rays than that of an 
adult, and the adult skin is more sensitive than that of old age, 
SrboHz has also noticed a marked difference in the sensitiveness of 
the skin in different cases. He agrees with Frmnd in recommend- 
ing a preliminary seance in order to test the degree of suscepti- 
bility. Carl Beck, Hohknechl, Gaasmami, and others, are of the 
same opinion. 

This difference of sensibility, however, cannot he called an idio- 
syncrasy, and need not be taken into consideration unless it is 
desired to avoid all signs of reaction. In the treatment of an 
epithelioma the occurrence of erythema or even vesicniation is of 
little moment, whereas reaction should be studiously avoided in the 
treatment of hypertrichosis of the face. In women especially, 
epilation should be produced without any other symptom of 
reaction. In these cases we should proceed with the greatest 
caution, and it is advisable to wurn the patient of the possibility 
of Accidental reaitinn and pigmentation. 

Regions of the Body. — Not only do different individuals 
react in a different manner, but in the same individual the 
sensibility varies greatly, according to the part of the body 
irradiated. 

This fact has been universally recognised. Hfjl^kwcht says: 
For the same dose the degree of reaction varies for dift'erent 
r^ions of the integument.' 

' Without doubt,' writes AVAofts, 'different localities of the body 
react differently.' 

According to the latter, the regions covered with hair, such as 
the head and cheeks, react most readily to the X-rays, In these 
ntuations dermatitis and excoriation often appear somewhat 
Suddenly. lie thus explains the etiological significance of these 
iacts : ' Reaction is due to an initation set up in the deeper layei-s 
of the skin by a tlegenei-ative process in its cells, The effects of 
this irritation are added to those of the primary inffanmiatury 
process. The tension of the scalp is apt to mask the early inllani- 
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matory phenomena following an irnuiiatioD, and hence the reaction 
appears sudflenly/ 

We cannot agree with Scholt:: that the sensitiveness of a par- 
ticular region to the X-rays is dependent on the presence of 
hair. Of all tissues, the scalp is undoubtedly the most resistant 
to the X-rays. It may be entirely epilated without the occur- 
rence of erythema; occasionally some itching may result, and 
the skin may become slightly atrophic, but the inflammatory 
phenomena proceed nu further. The same dose produi 
much greater reaction on other parts of the body — the cheeks, fori 
example. 

The skin of the trunk is rather more sensitive than that of the 1 
scalp, and the extensor surfaces react more readily than the flexor, I 
The extremities, the hands and feet, have a high degree of scnsi- t 
bility, and the palmar surfaces are more resistant than the dorsal, j 
In our own experience the thenar and hypothenar eminences seem i 
to hdve a special sensibility. In two cases of mycosis fungoides ' 
treated by X-rays a violent reaction of these regions supervened. 
There was vivid redness, accompanied by sensations of tension and 
burning. The epidermis was raised in blisters, leaving the true 
skin bare, red, and slightly infiltrated. The lesion however healed 
very quickly. It is interesting to note that on the arm and 
scalp the same dose produced merely a deep erythematous blush. 
This was not due to any oversight in the application of the rays, 
for the same phenomena occurred in the same situation in two 
different eases. In connection with this increased reaction, we may 
remember how often severe complications arise as a result of slight 
injuries to the palm. It will be well in all cases where the palmar 
surfaces of the hands and feet are concerned to proceed with great 
caution. 

Lastly, the face is very sensitive to the action of X-rays. Aa is 
the case with regard to other irritants of the skin, it is the region 
of the body most readily affected. 

The difl'ereiit regions of the face have different degrees of sensi- 
bility. The dorsum of the nose reacts more than the alaj, the 
cheeks, or the lips ; tlie temporal region is less sensitive than the 
chin. We do not know the meaning of these variations in sensi- 
tiveness, nor are they always constant. Bissl-rii is of opinion that 
the intensity of reaction depends on the proximity of the subjacent 
bones. Both theory and experience are however opposed to this 
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hypothesis — viz., that the proximity of the bones can increase the 
severity of reaction by causing the Roentgen radiations to spread 
out and be diflusi'd through the substance of the integument. 

Fortunately, in practice we need not take much notice of all 
these variations in sensibility. Iladiotherapy is difficult enough 
dithout this. With the same dose we may, it is true, get a 
reaction greater in one region than in another, but the difference 
is slight. It is well to remember that great precautions should be 
used in the irradiation of the face, the cosmetic effect depending 
greatly on the avoidance of all unnecessary reaction. 

According to Svhiff and Lion, mucous membranes react more 
readily than skin. Lion irradiateil skin and mucous membrane at 
the same sitting, and observe«l that the reaction commenced in the 
mucous membrane. In cases where we have had occasion to treat 
mucous membrane, such as the lips or buccal cavity, we have not 
noticed any marked difl'i^rence between its sensibility and that of 
the adjacent skhi. 

Diseased Tissues. — Diseased skin reacts more easily than 
healthy skin. 'l"his is a matter of daily observation, and was first 
pointed out by Kkiihiitk. He says : ' In a region afi'ected by follicu- 
litis or lupus, an acute dermatitis is set up much more readily 
than in healthy skin.' 

OiuUn has also noted that integuments which are diseased, in- 
flamed, or ulcerated, are more vulnerable than healtliy skin. 

iialk::iiecht says : ' The reai:tion is the more intense the more 
the skin is inflamed.' 

Schdlts also affirms that skin which has already undergone 
pathological change reacts more quickly and more intensely to the 
X-rays. This is true not only In diseases accompanied by intense 
inflammatory phenomena, such as lupus, acne, sycosis, and follicu- 
litis, but in such diseases a.s favu.s, where the difference Is most 
marked. On exposure to the rays the hairs fall out more rapidly 
from the areas which have been attacked by the disease ; and after 
the irradiation a number of new foci become visible, in consefjuence 
of a localized alopecia confined to the diseased spots. Microscopic 
examination proves that the hairs which are first shed are all affected 
by the disease. 

Sihdtz also remarks that in cases of acne rosacea a sharp reac- 
tion usually follows an exposure. Our own observations are in 
accordance with this view. 
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epithelioma we gave an irradiation of 8 H. to 10 H. on two coii- 
setiitive ot-casions, which was followed by slight reattion and pig- 
iiientatioR. After an interval of three weeks a second dose was 
given, and was followed by a similar i-eattion. A third irradiation 
of less intensity had the same result. Six weeks afterwards there 
was no trat-e of any inflammatory action, a few epithelial nodules 
only remaining. At this juncture a fourth dose was given of the 
same intensity as the first — i.e., 8 H. or 9 H. A violent reaction 
followed : the skin l>efaiiie of a deep violet c-oloiir, and vesiculation 
ensued. 

In another case of cancer of the breast, with compwatively 
healthy skin, the same phenomena occurretl. At the commence- 
ment of the ease a dose of 10 H. was given, which was followed by 
violent reaction and desquamation, but without vesiculation. Two 
months later, when the lesion had completely healed, a dose of 5 H. 
was sufficient to produce an intense erythema. 

These cases prove that the integument which has been exposed 
to the influence of the X-rays acquires a special sensibility, or 
rather becomes less resistant to the action of the rays. 

The cause of these phenomena must probably be sought in the 
degenei-ative action of the X-rays on the tissues, rendering them 
less resistant to all irritative agents. 

We may therefore absolutely deny the possibility of I.assueur's 
explanation, that the tissues become accustomed to the X-rays, 
and that this accounts for certain cases of failure in radiotherapeutic 
treatment. 

When it is necessary to submit a case to a series of intense 
exposures, it is welt to diminish the length of the seances after 
a time in order to avoid dermatitis. The shorter final exposures 
will often cause greater reaction than did the initial ones of longer 
duration. This observation confirms what we have already said as 
to the cumulative action of the rays. 

In the treatment of hvpertiichosls Scluff' and Frcund commence 
by producing total depilation by a suitable dose of the rays. 
Afterwards they are able to maintain a permanent epilation by 
giving one or two seances at intervals of two or three months, 
which are sufficient to prevent the regrowth of the hair and to 
cause the shedding of any new hairs which may have appeared. 

In conclusion, we may say that, whilst the reaction of the tissues 
is in proportion to the quantity of X-rays absorbed, other factors 
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must be taken into account, viz., the sex of the patient, the age, 
the condition of the skin, the part of the body to be irradiated, 
any inflammatory conditions, the nature of the lesion, and a 
difference of sensibility in different individuals. 

2. Factors JDepetident on the X-JRays. 

Besides the biological factors which are dependent on the patient, 
his constitution, and the nature of the lesion, there are others of 
a purely physical nature which are dependent on the properties 
of the rays themselves, or on the method of their production. 
Thanks to our modem instruments of exact measurement, these 
physical factors can now be accurately estimated. 

We have already described the apparatus by means of which 
these measurements are made, and we need not do so again. We 
may confine our attention to the study of the properties of the 
Roentgen radiations without concerning ourselves with the instru- 
ments which record them. 

Ever since the first application of radiotherapy, experimenters 
have endeavoured to give technical details which would permit of 
the comparison of different methods of procedure. Very scanty 
data were then available, and the information recorded w€w variable 
in character and often of only fictitious value. Thus in the earlier 
observations the only detail recorded is the duration of the exposure. 
* The seance lasted for ten minutes ** or * for twenty minutes.^ The 
next step was to record the distance of the skin from the focus-tube. 
Some months later the type of electric generator was described, 
and when more precise indications were attempted, the voltage and 
amperage of the primary, the number of interruptions, the length 
of spark, the size of the focus-tube, and the coloration of the 
anticathode were recorded. KienbocTc was the first to distinguish 
between * hard ' and * soft ' tubes, and thus open the way to further 
progress. 

It is a very regrettable fact that even at the present day the 
greater number of observations published, both in France and else- 
where, do not contain sufficiently accurate data. Yet we have 
now had instruments of measurement at our disposal for some time 
past. Beclere has often described them, and Huffuier made them 
the subject of an inaugural thesis. 

On this matter we may quote Tnffier^ surgeon to the Beaujon 
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Hospital : ' As a rule, authors are satisfied to give some vague 
information, suih as the number of times that the patient was 
irradiated, without stating the degree of hardness of the rays 
employed or attempting to estimate the quantity ahsorhed by the 
patient before the result recorded was attained. All these data 
are however of supreme importante, and vary enormously with the 
type of apparatus employed and the way in which it is utilized.' 

In November, 1903, together with Brucq and Bmerie, we 
exhibited several cases at the Societe de Dennatologie, and we then 
gave pi-etrise data of the treatment. Since that date Huret, 
De/ifmscs, and Titffier, when puhlishing a successful cui-e of an 
epithelioma of the nose, gave complete technical details of the 
ti'eatment in a clear and methodical manner. Recently Sabonrmul, 
Birlire, I^redde, and one or two othei-s have greatly increased the 
interest of their reports, by giving full numerical data. Unfor- 
tunately, their example has not Iwen universally followed. 

We daily read notes of experiments, Ijoth at home and abroad, 
where voltage, am|wrage, distance from the tulje, and time of 
exposure are all notetl, but no recoid is made either of the quality 
of the rays employed or of the quantity of radiation alwoi-bed. 

In American periodicals where marvellous cures by radiography 
are frequently reported, we have never yet seen the quantity of 
radiation recorded. Motion, Pujiey, Keinhnti, and othei-s, state 
whether the tubes were hai-d or soft, the duration of the seance and 
the distance of the tube from the skin, but these data are not 
BufRcient to determine the quantity of rays alworljed, which is the 
most important factor jn determining the result. 

The important factors in radiotherapy are evidently identical 
with those which obtain in phototherapy. 

The Roentgen radiations, or as the Germans say, the Roentgen 
light, is practically invisible to the human eye. It is, nevertheless, 
in many respects comparable with the rays of light emitted by the 
sun and other luminous bodies. 

Whatever the luminous source, there are two main points to be 
considei-ed : the quantity and the quality of the light emitted. 
The means by which the light is produced is of but secondary 
importance. 

With an ordinary oil lamp the important point is the illumi- 
nation obtained, not the quantity of oil burnt. We may say that 
the illumioation is pivsportional to the consumption of fuel; but 



RADIOTHERAPY 166 

this ratio is variable, mid depends on many other factors — the 
type of lamp employed, the total output, and the condition of the 
lamp ; the formula only holds good so long as all these remain 
unchanged. 

In radiotherapy, also, (/if important point is tbf quality of the 
rai/a aiiUted, and t/ii- ipiaiiiili/ absorbed by the skin. The voltage 
and ampi-rage. numlier of liiten-uptions, etc., are merely accessory 
facts. These may be useful for a given machine, since whilst they 
remain constant the output will not vary; but they must not be 
regarded as data of primaiy importance. 

Quality. — Xewton discovered that the light of the sun is com- 
posed of different colours, which may be separated by means of a 
prism, thus proving that in white Hght there are an infinite number 
of radiations of different degrees of refrangibility. 

A given light may be either a simple light — red, yellow, green, 
blue, or violet — or it may l>e compounded of a number of these 
simple radiations. When it contains beams of all the simple 
colonic the light appears white. 

The i^odiations fi'om a focus-tube are no less complex. Just as 
sunlKams difi'er in refrangibihty, so the Roentgen rays differ in 
their power of penetration. They vary from the softest rays, 
which are ari'ested by the dermis, to those of the greatest pene- 
tration power, which pass through a plate of iron several milli- 
metres thick. 

The quality of the rays given off by a focus-tube is quite inde- 
pendent of their quantity, the two factors having no definite 
relation to one another, although they may often vary simul- 
taneously. 

An increase in tlie current passing through a focus-tube will 
affect the quality of the rays, causing them to become harder, 
while at the same time the quantity given out will likewise 
increase. 

The above fact may be easily demonstrated if we are using 
Gaiffe"s transformer and milliamperemeter. 

Supposing with a pressure of 50 volts in the primary, we get a 
current of 2 milliamperes through the focus-tube, and that under 
these conditions the penetration of the X-rays corresponds to 
No. 5 on Benoist's scale. If we increase the pressure in the 
primary to 60 volts, the focus-tube will become more brilliant, and 
the current through the tube will increase to £3 niilliamperes. The 
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penetration of the i-ajs has also increased to No. 8. Not only 
has there been a change in quality* there is also an increase in 
ijuantity. This iiwy he pi-oved by reducing the vacuum by means 
of the osmo- regulator until the tube gives off No. 5 rays ouce 
more. We shall then find the current through the tulje is 
a-5 milliamperes in lieu of the 2 milliamperes of the original 
experiment The change in quality in the rays has, therefore, 
been accompanied by a corresponding chaugt- in quantity- 

This enables us to explain an apparent contradiction. It was 
found that in certain cases the longer the equivalent spark and 
the hai-der the tube, the shorter was the exposure necessary to 
obtain a given result. Hence the conclusion was drawn that the 
verv penetrating rays were the most active. 

This is, we believe, a false interpretation. In increasing the 
equivalent spark and the hardness of the tube, the principal change 
is one of quality, but the accompanying inci'ease of quantity more 
than compensates for the lesser activity of the hai-der rays. 

This may be better understood when a static machine is used as 
the source of the high-tension current. In a static machine the 
output increases with the inci-ease of the resistance to be overeome. 
Hence, as the focus-tul>e grows harder the current passing through 
it will also increase, and the quantity of rays emitted will Ije 
greater. There will also be a change in the quality of the rays. 
The maximum penetration registered by the radiochromometer 
will be higher, but in all probability the tube will be giving out at 
the same time a number of softer rays in greater abundance. 

We know that when a focus-tube is said to be emitting rays of 
penetration No. 10 of Ucnoist's scale, what we are really getting 
is a series of radiations of all degrees of hardness from 1 to 10. 

Analogous phenomena may be observed in the domain of physics. 
If we take a platinum wire and connect it to the terminals of an 
electric battery, when the current passes the wire will be heated. 
If we increase the strength of the current, the wire will become 
dull red, cherry red, and finally white hot and luminous. 

No one imagines that when the wire emits light rays it has 
ceased to give off heat, or that the emission of other forms of 
radiation is arrested when it becomes incandescent, 1"his pheno- 
menon is strictly analogous to that w hich octure in the focus-tube. 

With the same vacuum thou, the tube becomes hartler as the 
current through it increases ; that is to say, the number of the 
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rays is increased, and some of these are of a more penetrating 
quality. 

The increase in quantity takes place along the whole gamut of 
rays of various degrees of penetration, probably however, only 
within certain limits. 

Hence, on accoimt of the increase in quantity, it is quite possible 
that a tube emitting No. 10 rays may be more active therapeuti- 
cally than one giving No. 5 rays. We cannot however admit 
that a * very hard ' tube, which only emits a small number of very 
penetrating radiations, can possibly be as efficacious as a ^ soft tube** 
gi\ing an abundance of rays of medium penetration. 

These phenomena may more readily be understood when the 
focus-tube is driven by a static machine. From the principles of 
construction of an influence machine, we know that the output 
increases automatically with the resistance opposed to the current, 
the energy required to drive a static machine increasing in pro- 
portion to the work demanded of it. 

This is not the case with an induction-coil, which has a fixed 
maximum output, which cannot be exceeded. If the resistance 
becomes too great, the current will not pass at all, unless the 
voltage of the primary is raised. This can only be done within 
certain narrow limits, which are determined by the construction of 
the instrument. 

With an induction-coil therefore, any increase in resistance 
above a certain optimum value causes a decrease in the current, 
and a consequent decrease in the quantity of rays emitted, since 
the electric energy in the secondary circuit has a fixed maximum 
value, which cannot be surpassed as long as the voltage and 
amperage in the primary remain constant. 

This will explain why Sabouraud, using a static machine, 
obtained an epilation more readily with rays of No. 10 of Benoisfs 
scale than with No. 4 or No. 5. 

He remarks : * The greater the penetration of the rays, the 
greater is the total quantity produced ; the penetration seems to 
be practically proportional to the quantity emitted.'' 

As we have shown above, this relation holds good only under 
certain conditions, and with a special type of instrument. 

The quality of the rays emitted by a focus-tube depends on the 
difierence of potential between its electrodes. 

This difference of potential varies according to the power of the 
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radiation, from the ulightly penetrating No, 1 to the very 
No. 12 rays. BkUre holds that by means of this instrument we 
can determine the quahty of the rays enijiloyed juat aa readily as 
we can tell the time from the hands of a watch. 

It is not however enough to be able to mea.sui-e the quaUty o£| 
the rays which we are obtaining ; we should also be able to produi 
at will whatever type of rays we may require. 

The penetration of the rays depends on the ^-acuum in the tub& 
Further, a tube which originally gave soft rays will gradually grow 
harder, and after even a few minutes" use the rays will have be- 
come much more penetrating; whereas during a radiotherapcutic 
exposure we rei]uire rays of a definite and constant degi-ee ot'. 
penetration. 

To obtain this result we make use of regulating focus-tubes — ■ 
(.(■,, tubes which have a device for altering the vacuum. The best 
of these, and in our opinion the only one suitable for thei-apeutic 
work, is the Cliabaud tube with V'illard's osmo-regulator. 

In practice it has I^een found impossible to keep a continual 
watch on the radiochrouiometer, so as to be ready to heat the 
osmo-regulator when the rays become too hard. An ingenious 
method has been devised to obviate this, A spark-gap is intro- 
duced into the secondary circuit in parallel with the focus-tube. 
The distance between the adjustable knobs of this spintermeter, 
as the instrument is called, can be easily read off on a graduated 
scale. 

By means of the radiochromo meter and the osmo-regulator the 
vacuum in the focus-tube is altered until the desired quality of: 
rays is obtained. AVhen this has been accomplished the knobs of 
the spintermeter are approximated until a spark passes between 
them. At this moment no current passes through the focus-tube, 
and it becomes dark. The knobs are now slowly separated until 
the sparks cease to pass. The distance between them is then read 
off on the graduated scale, and the ijuality of the rays issuing, 
from the focus-tulje ia verified. As soon as the resistance in- 
the tube inci'ea.ses, the current will spark aci-oss the gap in the 
spintermeter. This will warn us of a change in the quality of the 
rays. We then warm the osmo-regulator until the sparks cease to 
pass between the knobs of the spin ten neter, and we then know 
that we are getting rays of the same quality as Ijefore. The 
distance between the spintermeter knobs is termed the length of! 
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give an image on the fluorescent screen or photographic plate, but 
the shadows are wanting in contrast. The bones are almost as 
traiia|MRnt as the softer tissues to these very hard rays, which are 
«ilj absmrbed in a slight degree by the tissues. 

The ' medium hard ' tube, the most useful of all, is placed in the 
third cat^ory. llie vacuum is mui-h lower, and the greater portion 
of the current traversing the tu)je is converted into X-rays. It 
theref(»e gives a strong illumination with rays of medium penetra- 
tion. It gives a highly-contrasted image on the screen. 

These rays are much more readily absorbed than the more 
penebating radiations of a hard tube, and therefore reai-t more 
powerfiilly on the tissues, more particularly the skin, which is the 
lint to encounter the impact of the rays. 

On the deeper tissues their action is less marked, sim-e the 
nys have been much enfeebled before reaching them, and there 
is bat little energy remaining to lie transformed into chemical 
ftctioa. 

In the fourth class KirnbOck plai-es * soft ' tubes. In these the 
Tlcoom is low, the illumination is very bright, and the whole of 
the ciuTCTit is converted into X-rays. The tube may be handled 
without fear of a shock. The X-rays produced have but little 
power of penetration, and can only pass through the thinner parts 
of the body. VMien the hand is examined «ith such rays, the 
booes aj^iear black on the fluorescent screen, since they cut off all 
the ndiations. These rays ate n)ma>t entirely absorbed by the 
■operficial layers of the skin, a small portion only reaching the 
•obdernMl tissues. 

In the last cat^^ory are the ' extra soft ' tubes. These have too 
\em a Tacmun to yield X-rays. They are therefore as usele!>s as 
the oltiB hard tubes for radiotfaerapeutic purposes. 

As a practical means of estimating the quality of the ra_\-s 
isaoing from a given tube, Kienbikk mentions the appearance of 
the glow from the tube, the pitch of the sound made by the break. 
tbecfleoTo from the tube, and various other signs all of which ' 
are Tariable and diSicuIt to interpret correctly. 

Thanks to Benoi.tt's radiochromometer. we have now an accunte 
iltitniinent which is capable of indicating at any moment the 
PRciae quality of the rays issuing horn a focus-tube. 

"BAs iortnuiient has already been described in an earlier chapter. 
B^ if* aid we can dbtinguish twelve or more dil^ient types of 
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through the skin without absorption, and therefore prodoce no 
effect on it. 

In a previouB chapter we showed that the phjsiologit^a] ai-tion 
of the rays on the skin varied inversetv as their ixurer of penetra- 
tion. Hence, for cutaneous radiotherapy we prefer rays of Uig-ht 
penetrative power. There is, of I'ourse, a minimum of penetrm- 
hility whirh must not be passed. Ilays c-orresponding to No, 1 or 
No. 2 on the radiochromometer are only of use in very exceptional 
cases. 'l"heir attion is limited to the most superficial layers of 
the hkin, since they will not penetrate the thickness of the dermis. 

In derinatologital practice we use rays of medium penetration. 
No. 5 and \o. 6 on Benoist's radiochromonieter. 

It is evident that the penetration of the rays .should varv accord- 
ing to whether we wish to affect the skin or the subcutaneous I 
tissues, rays of greater penetration Iteing required in the treatment*! 
of deeply -seated affections. This has Iseen recognised by inanyf 
authorities. Morion of New York prefers a hard tulie for deep-J 
seated lesions. It seems to us however, that a most iinportantv 
point has Ijeen overlooked. The very penetrating i-ays cannot bel 
thera[»euti(»lly active l>ecause they are not alisorljed by the tissues, j 
In this i-onnection M. BicVtre writes : ' Other things being equal,' 
the leas the penetration of the rays, the greater will Ije tlie propor- | 
tion absorlwd during their ]>assage through the tissue. It is onlj 1 
the fraction of the ladiation arrested and absorbed which causes 
therapeutic reaction.' 

We liave thus two facts apparently opposed to one another: 
X-rays of small penetration have a marked therapeutic actional 
in consequence of their ready absorption by the tissues. On the 1 
other hand, those highly -penetrating rays which are capable of 1 
i-eaching the deeper tissues are apt to pass through them without 
absorption, and therefore posses.s but slight therapeutic activity. 
We know that the power of absorption of a Ixxly for the X-rays 
depends on its density. Now, the density of a deep-seated tumour 
differs little from that of the skin. Any rays therefore which have 
passed through the skin without affecting it, can have but little 
influence on the subjacent neoplasm. 

It is, of couise, possible that the X-rays may have some selective 
action on the cells of cancerous growth ; but this elective affinity 
would baldly explain the cure of a cancer of the stomach with- 
out any sign of cutaneous reaction. Yet such a case has been 
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recorded. We would lie the first to admit the selective aitioii 
of the rays, but even if the cancer cells were many times as sensi- 
tive as normal tissue, we should still expect to get some visible 
reaction of the integument. 

The important point is to employ rays of such penetration that 
they will just be able to reach the afTei-ted part, and will be in 
great measure absorbed by it. 

For sulK.-utaoeous affections this condition is easily realized, but 
it is a much more difficult matter to treat deep-seated tumours. 
In this case, many authonties recommend the use of rays of great 
penetration. 

Personally, in such cases — in a canc-er of the breast, for instance 
— we use rays of medium penetration, corresponding to No. 7 of 
Benoisfs scale. These are of sufficient penetration to reach the 
tumour, and are less injurious to the skin, which is peculiarly sensi- 
tive in these cases. The quantity of rays absorl^ed by the neoplasm 
is probably not large, but the special sensibility of njorbid growth 
may compensate for this. We must, however, admit that the 
results we have obtained in these esses have not been very brilliant. 
In the treatment of skin disease there is no doubt as to tlie proper 
tube to be employed. It should l*e a fairly soft one, giving ravs 
Corres]jonding to alx>ut .No. 5 on Benoisfs scale, with a variation of 
1 degree on either side, according to the case. 

Quantity. — A source of light, whatever its nature, excites the 
retina in a greater or less degree. We express this by saying that 
the intensity of the light is greater or smaller. 

Thus an electric lamp may give an illumination of from SU to 
100 candle-power, accoi-ding to its type and the quantity of current 
passing through it. A gas-jet turned down gives less light than 
when it is full on. 

In an X-ray tube the phenomena are the same. A given tube 
gives out in a given time a greater or smaller quantity of X-rays, 
according to the quantity of electrical energy supplied to it, and 
this it does whatever its vacuum and the penetration of the issuing 
rays. 

• Imagine,' says Bectere, ' two similar focus-tubes, one supplied by 
a two-plate static machine turned by hand, and the other by a 
twenty-plate machine driven by a powerful electro -motor. By 
suitably adjusting their vacuum, it is possible to obtain rays of 
I the same quality — that is, rays of equal penetration from either 
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tube ; but whilst the former will emit but few rays, the latter 
give ft much larger quantity. They are like two lanterns of 
same colour, one of which is lit by a candle and the other by 
electrif light.' _ 

The exact measurement of the quantity of the rays emitted b^ 
a foius-tube is of great importance in radiotherapy, since the 
degree of reaction depends on the tjuantity of rays which strike 
the skin and are absorbed by it, ■ 

Until lately an attempt was made to estimate this quantity 
stating the wattage in the primary circuit, the numbei' of intei _ 
tions per second, the type of coil. etc. These data have no real 
value, as the quantity of rays depends in great measure 
efficiency of the coil and tube. With the same current in the 
primary, very different results may be obtained by the 
different kinds of apparatus. Further, it is impossible in all 
to secure the same strength of current in the primary circuit. 

An installation worked from the public mains may give 
times the quantity of radiation furnished by another apparat 
driven by accumulators. 

Again, with a static machine, what means have we of estimating 
the quantity of X-rays issuing from the tube? In order to form 
any comparison, we should have to measure the induced alternating 
current in the secondary cireuit of the coil and the high-tension 
continuous current of the Wimshurst. Both these measurements 
are exceedingly difficult to obtain with the means at our disposal, 
and their comparison is still moi-e difficult, 

Gaiffu's mill {amperemeter conies to our assistance by enabling 
to measure the current actually passing through the focus-tul 
By the use of Gaift'e's transformer, in conjunction with the milli' 
amperemeter and a voltmeter, we can compare two quantities of 
X-rays, can double the tguantity, can increase or decrease it. We 
are not able however, to measure the absolute value of the rays at 
their point of application. Two factors have to l>e considered as 
regards quantity — viz., the quantity of rays emitted by the tube, 
and the quantity of rays which actually fall on the surfat« of 
skin. 

These two quantities are mutually intei-dependent, but they 
not identical. 

A focus-tube gives out a greater or less quantity of radii 
according to the power of the installation employed. 
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This quantity should be measured close to the point of emission 

i.e., the antiiathode. Its determination is, however, of no prac- 

ti<»l interest. What we do rei|uire is the quantity of rays which 
rtiach the skin. 

This depends not only on the quantity emitted by the tube, 
but also on the distance from the anticathode to the skin, and on 
tlie duration of the irradiation. 

The quantity of radiation falling normally on a given surface 
■varies inversely as the square of its distance from the luminous 
source. This law applies to X-rays in common with all other 
ethereal vibrations. 

Consider a point on the skin at a distance j' from the source 
«f radiation, and let its effect he expressed by^. When the dis- 

luce IB S JT, the effect will become g-^ or ^. 

In order to measure the quantity of light falling on a given 
surface, we make use of an instrument called a photometer. Hoh- 
hitckt has devised a similar instrument for measuring the irradia- 
tion of a surface by the X-rays. This is the i-atliochroniometer. 
ffe have already explained that it is based on the changes in 
loratiou which certain salts undergo when exposed to the 
It is composed of a series of pastilles and a graduated 
scale for comparison. At the commencement of the treatment we 
place a capsule, the colour of width corresponds to zero of the 
scale, on the part to he iiTadiated. From time to time during the 
seance "e compare this capsule with the graduated scale, and con- 
tinue the exposure until it has reached the tint which corresponds 
to the <]uantity of rays prescribed. By this means we avoid all 
danger of an overdose. 

In practii* we may determine once for all the quantity of rays 
absorbed at a given time at a given distance from the tube. So 
long as our electrical factors remain constant, we may always be 
sure of obtaining the same quantity under identical conditions. 

The following was our method of procedure with our installation 
at the Broca Hospital : We first adjusted the voltage and ampere- 
age of the primary, the frequency of interruption, the quality of 
the rays, and the length of the equivalent spark. Alt these factors 
were kept constant. Then one of Holzknecht's pastilles was placed 
at a distance of 10 centimetres from the anticathode, so that the 
incident rays would fall on it normally. After ten minutes' irradia- 
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tioii we compared the pastille with the scale, and noted thenumbt 
which it matched. This observation was repeated with 6ft 
twenty, twenty-five, and thirty minutes' exposure. 

We thus consti-ucted a table of quantities in which the onlj^ 
variable factor was the time. By keeping the distance and thel 
electrical condition constant we always obtained the aaine quantit 
of rays ill a given time. 

If we desire to increase the distance, the quantity absorbed c 
be calculated by applying the law of the inverse square. 

At the Broca Hospital we made a second set of observations e 
a distance of lo centimetres from the anticathode, and the reaults'l 
obtained agreed fairly well with those calculated theoretically. 

We need not give the numerical values obtained, as they onlyfl 
apply to the particular installation and focus-tube for which they> 
were measui-ed. A fresh table of quantities must be constructed! 
whenever a new focus-tube is used. 

By this means we can measure a dose of X-rays almost sa'M 
exactly as a dose of medicine. For example, we find that hyM 
exposing the area to be treated at a distance of 10 centimetres f«r.l 
fifteen minutes, it will absorb a dose of 4 H. 

The c]uantity of rays absorbed by a given surface may be altered! 
by varying either the distance or the time of exposure. 

Supposing the skin absorbs a dose of 3 H. in ten niinute»l 
when it is 10 centimetres from the anticathode: we shall get thel 
same effect at twice the distance — ;.f,, 20 centimetres — if we mul- I 
tiply the time by the square of 2 and give an exposure of forty I 
minutes. 

In the practice of radiotherapy the part to be treated shouldJ 
always be placed as near the tube as possible, the time of expostiief 
being regulated as may be necessary. 

' The closer,' says Oudin, ' the focus-tube is placed to the patient, J 
the more powerful will be the action of the rays on the skin. It J 
should be placed in such a position that the cone of i-ays will cover I 
the whole area to be treated, and as close as possible, bo long as I 
there is no danger of sparking from the tube to the skin. Under | 
these circumstances the exposure will be of short duration.' 

This method would be excellent if the rays issued from the tube I 
and fell on the skin in parallel beams. Since, however, they are | 
emitted from a point, they are unequally distributed over the I 
whole surface of the skin, and this irregulaiity of irradiation can J 
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-only be obviated by a careful study of the laws which govern the 
intensity of illumination at different points. 

The importance of this consideration is obvious, when we reflect 
'that any irr^ularity in the quantity of radiation will cause 
^variations in the therapeutic effect. 

Local Variations in tlie Intensity of Radiation.— We 

1^11 now proceed to determine the best arrangements which can be 
-adopted in the practical application of the rays. 
The points to be considered are : 

1. To obtain an equable distribution over the whole irradiated 
area. 

2. To reduce the duration of the exposure to a minimum. 

In order to understand the variations of intensity of the X-rays 
at different points, we must recall the two fundamental laws which 
determine the intensity of ordinary light rays : 

(a) The quantity of light falling normally on a given surface 
Taries inversely as the square of the distance of that surface from 
"the source of light. 

(A) The quantity of light falling obliquely on any surface varies 
«is the sine of the angle which the incident ray makes with the 
surface. 

These laws have been deduced from geometrical properties 
*<x>mmon to all radiations, and are therefore independent of the 
properties of any particular form of radiation. Hence they are 
-applicable to the Roentgen rays as well as to light and heat. 

We will first examine the theoretical consequences of these laws, 
::and then proceed to the more practical considerations. 

First Law, — The law of the inverse square shows us that in 
order to reduce the time of exposure to a minimum, we should 
place the source of radiation as close as possible to the irradiated 
surface. 

Thus if an exposure of five minutes is required when the distance 
is 3 inches, an exposure four times as long, or twenty minutes, will 
be needed if the distance is increased to 6 inches, and a time nine 
times as long, forty-five minutes, would be required if the anti- 
cathode were removed to a distance of 9 inches, while at a 
distance of 12 inches the exposure would be nearly an hour and a 
half. 

These numbers are in reality below the true value, for not only 
does the intensity of the rays diminish with the square of the 

12 
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distance, but they are still further reduced by dispersion by the 
molecules of the air which they traverse. 

In pnu'tice the area to be irradiated is generally of some con- 
siderable extent. If we consider a plane surface, it is manifest 
that the distance from the source of the X-rays to any point on 
the surface will increase as we pasfl from the centre to the cir- 
cumference. 




This increase in the distanL-e causes a corresponding decrease 
in tlie intensity of the radiation, and the therapeutic eft'uct 
produced at the periphery will Ije sensibly less than that at the 
centre. 

Let F be the source of the rays, placed vertically above the 
centre of a plane surface. Let P be the base of the normal from 
F, and A, B, C, D points at increasing distances from P. 

Let us suppose the surface divided into concentric circles, 
whose diameters are respectively etjual to half of FP, FP, twice 
FP, thrice FP, etc., I'P being the distance from the source to 
the centre. 

The distances from points on these circles are respectively 
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,^> -F!B, FC^ FD, and the squares of these distances are equal 
^P square multiplied by 

106] 

3-25, 

ITiis table shows that the intensity of irradiation will be nearly 
Constant over the whole surface, if its greatest diameter is less 
than its distance from the focus. 

When the diameter is equal to the focal distance, the intensity 
of irradiation at the edges is not more than three-quarters of that 
at the centre. 

In order to obtain the same results at the edges as at the centre, 
the former would have to be irradiated for one-third as long again 
as the latter. 

When the greatest diameter of the surface is two or three times 
its distance from the source, the intensity at the edges is only one- 
half to one-third of that at the centre. To obtain an equable 
reaction we should therefore have to irradiate the edges for a period 
two and three times as long as we give at the centre. 

Second Law. — The law of sines explains a further difficulty in 
obtaining an equable effect on all points of an irradiated surface. 
The preceding figure shows how the inclination of the rays increases 
with the distance of the point of incidence from the centre. 

The sines of the angles between the incident rays and the surface 
will therefore decrease as we pass from the centre to the circum- 
ference. This decrease is however small for fairly large angles. 
In the figure the angles are : 

64° 
45° 
33° 

and the corresponding sines are : 



0-97^ 
0-90 
0-71 
0-54 



(6) 
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Therefore in order to obtain the true value of the intensity at the 
boundaries of the suifaces which we have been considering, we 
must divide each number in column (a) by the corresponding 
□umber in (b). 



The results will be : 



1-1 



fi 



over the whole surfat* 
■half of the distance of 



Hence to obtain an equable irradiatioi 
its greatest diameter must not exceed on 
the suiface from the source. 

To obtain an equable irradiation of a surface whose diameter is 
equal to its focal distance, the length of exposure for the periphery 
must exceed that for the centre by more than 40 per cent. For 
areas whose breadth is twice or three times the distance from the 
Bouixe, the exposure required will be respectively three and six 
times as long at the periphery as at the centre. 

Thus the correct distance of the ibcus-tube from the patient is 
fixed by the size of the surface to be treated. The distance must 
always exceed twice the greatest diatneter of the area to be treated, 
if an equable therapeutic effect is to be produced at all points on 
the surfai.:e. 

In certain cases this would necessitate so great a distance that 
the time of exposui-e would be unduly prolonged. We may then 
consider the advisability of reducing the distance, and shielding the 
central portion of the surface after a time, whilst continuing the 
irradiation of the periphery. 

The numbers given above (c) will serve as a guide to the relative 
length of exposure required. 

This solution of the difficulty is not very satisfactory, Li practice 
it is generally found Iwtter to divide up a large surface into smaller 
areas, and to treat one of these at a time, whilst protecting the 
others by means of a lead shield. 

The figures we have given above are only approximately correct 
in practice, since they are only true for an absolutely plane area, 
whereas the surfaces we are called on to treat are always more or 
less convex or concave. 

For concave surfaces distances ft^m the source will diminish less 
rapidly than for a plane surface, and may even be equal if the 
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surface is the segment of a sphere of which the anticathode is the 
centre. In this case the angles of incidence would also be equal. 

Thus for a surface whose general contour is concave the distance 
from the focus to the surface may be much less than half the 
greatest diameter. 




On the concave surface SS' 

FB = FC = FD<FP or FI. 

On the other hand, when th6 general form is convex, the distance 
from the source to the points further recovered from the centre 
will increase more rapidly, and the inclination of the rays to the 
skin will be more acute than when we are dealing with a plane 
surface. 

If the convexity is very pronounced, the area treated at a sitting 
should be restricted, and the surface divided into several smaller 
portions, each of which must be irradiated in turn. In this way 
we eliminate the oblique rays which fall almost tangentially on 




the outer edges of such a convex surface, and are therefore thera- 
peutically inactive. 

Let SS' be a plane surface, W a convex surface, and F the source 
of radiation. The distance FO from the source to the nearest 
point of the surface is the same whether the surface be plane or 
curved. For all other points the distances differ. 
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FP < FP'. 
FH<FH'. 



The ray FHH' is tangential to the surface \\ and i 
therefore practically nil. 



Again : 
And 



Sin /3 > sin 0'. 
Sin j9 > sin a. Sin yS' > s 

Sin a > sin a'. 



To conclude: in radiotherapeutic treatment we endeavour to 
reduce the distance as much as po.ssihie, but we must also endeavour 
to avoid the use of very oblique rays. 

We may give the following as the formal rule : 

Hie xoiirce of tlw X-rays should be placed at a distance at leaat 
double the greatest diameter oj tfie surfiur to be h-iadialed. 

In practice the distance from the anticathode to the skin may 
be adjusted automatically. By the use of suitable conical anti- 
cathodes we may limit the cone of rays so that it is impossible to 
illuminate the whole of the aiea unless the tube is placed at the 
praper distance. It is only necessary for this purpose to calculate 
the correct aperture of the conical anticathode. 

Another method is to make the focus-tubes of a special glass im- 
permeable to the rays, and to furnish it with a transparent window 
whose diameter is eijual to one-half of its distance from the anti- 
cathode. These tubes are, however, very exjrensive and difficult to 
make. 

At the Droca Hospital we employ a simpler method to insure 
uniformity of irradiation. The focus-tube is enclosed in a pro- 
tective case, which is impermeable to the X-rays. In this bos, 
opposite the anticathode, is a circular aperture the diameter of 
which is equal to one-half of its distance from the latter. The 
position of this opening is such that its axis coincides with the 
normal incident ray from the anticathode. This aperture forms 
a sort of diaphragm the distance of which fi-om the skin determines 
the size of the irradiated area. In this way we can readily insure 
a uniform irradiation, and consequently an et|uabie therapeutic 
effect over the surface. 
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This arrangement has been somewhat elaborated in GaiiFe^s 
localizer. The accompanjring figure may make the device clearer. 

Let F be the point of emission of the rays, and AB the diaphragm 
or aperture in tiie box : 

AB = ™ 

The irradiation of the surface SS' will be uniform. If it is 
desired to irradiate a larger area the tube must be placed at 
greater distance from the skin, so that the cone of rays may 
include a larger area W, In this case the time of exposure will 
be correspondingly increased, and may be calculated by the law of 
inverse squares. 

Klenbock first noticed this unequal irradiation, and studied it 
experimentally. He observed different zones of reaction, varying 



from ulceration at the centre in close proximity to the tube, to 
simple alopecia at the periphery where the irradiation had been 
less intense. 

Holzknechty in his work on the treatment of alopecia areata, 
makes a similar observation. 'The focus-tube,'' he says, 'should 
be placed as close as is compatible with the equable irradiation of 
the skin ; the distance of the tube should therefore increase with 
the area of the surface to be treated, and also with its convexity ."^ 
This theory is in accoixiance with experience, and the law given 
above is found to be of practical utility. 

In treating a given case we find that as far as regards the hori- 
zontal planes, those which are raised are more affected than those 
which are depressed ; whereas the action on curved and receding 
surfaces is much less marked. 

In the case of a young female patient of dark complexion, sufier- 




ing; from hypertrichosis, we exposed the back of the hanil to 1 
slight irradiation of about 4 H. In the course of seven or eight 
days a geneml pigmentation of the whole of the irradiated surface 
foUowei], On the back of the hand, and on the middle of the 
back of each finger, the coloration was intense. On the curved 
portions between the back and sides of the fingers the skin retained 
its normal appearance. The lateral surfaces of the fingers were 
also unaffected, although the fingers had Iteen slightly separated 
during irradiation. 

On the plane surfaces the rays had fallen pei'pendii-ularly, 
whereas they were almost tangential to the curved margins of t 
fingers, producing a great effect in the former case and none in t 
latter. In treating a lesion of the nose, if the cone of i 
directed on the dorsum, it is found that the reaction is greatest o 
the bridge of the nose and the roob of the alas nasi, whereas it j 
less marked on the junction of the body of the oi'gan with the ola 
We may get a more uniform action by treating each side separateln 
The tulje should be placed so that the normal incident ray f 
vertically on the lateral face, which is more or less concave. It x 
however, on the scalp that we can best studv results of unequal 
irradiation. In the treatment of tinea by epilation it is usual to 
attack as large a surface as possible. We have seen cases where 
the whole of the upper portion of the scalp ha.s been treated by 
one exposure, the field of attion being limited only by the convexity 
of its boundaries. The results were as follows: The hair first fell 
out from the centre, and later on from the periphery ; at the edges 
the epilation was incomplete. In order to obtain this incomplete 
epilation of the periphery an excessive dose had been given. ITie 
skin which had been irradiated by the centre of the cone of rayi 
was atrophied, and the hair had not begun to reappear, whilst 
it was growing thickly elsewhere. If the radiation had been equabl 
over the whole surface, the reaction would have been equalln 
marked at all points, and the growth of hair would have 
simultaneous throughout. 

In treating lesions of great estent, such as mycosis fungoides, o 
might be tempted to place the tube close to the surface and t 
as large an area as possible. The result would be disastrous, big 
the centre there would be ulceration, at the edges a barely per- 
ceptible erythema, and the disease would not be cured. In such r 
case the area to be treated must be strictly limited, so as to insure 
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uniformity of irradiation, so that an equal quantity of rays may 
be absorbed by each poi-tion of the skin. 

It may be objected that these eon.-iiderations are of only theo- 
x^tical value. In a radio therapeutic exposure we nearly always 
liave to encroach slightly ou the healthy skin surrounding the 
lesion, and it might therefore be thought an advantage that the 
action at the periphery is less intense. This objection would lie 
^ftlid if this apparently healthy tissue were really unaffected. But 
if, as is probable, the morbid growth has extended beyond the 
limits of the visible region, its destruction will require a larger 
dose of the X-rays, since comparatively healthy tissue reacts less 
readily than diseased tissues. 

What quantity of X-rays should be absorbed in order to obtain 
the beat therapeutic results, is a question to which it is impossible 
to give a categorical answer. 

It is not difficult to prescribe the approximate dose necessary to 
cure a given affection, so long as this quantity is less than that 
which will pnxluce radiodennatitis. In such a case the question 
is simple. The entire dose is given at one sitting, as Saboiiraiid 
does in the treatment of tinea. There is no serious reaction, and 
the cure generally results from a single exposure. In the case of 
tinea the dose varies but little, for the scalp is usually the part 
affected, and on account of its slight sensibility there is tittle varia- 
tion in different individuals. But iu other ca^es the question is 
much more complicated. As Birlcrc says: 'In the treatment of 
many affections amenable to radiotherapy, the problem of dosage 
is a most difficult and complex one. This is e.speciBlly the case in 
the treatment of cutaneous or subcutaneous neoplasms, since we 
must lake into account the diversity of lesions, the differences in 
age of the patients, the topography of the region affected, the 
histological stracture, the area, and still more the depth of the 
diseased structures, the clinical evolution, and the possibility of 
transference by means of the lymphatics and bloodvessels. 

Usually the total dose necessary t« efflect a cure exceeds that 
which can be safely given at a single sitting without the production 
of dermatitis and ulceration. Iladiodermatitis is not necessary for 
a cure ; it is most often an accidental complication, sometimes a 
foreseen result, but very seldom a desired effect. 

Where a single dose is dangerous, we must give a series of expo- 
sures, and thus divide the dose. Beclh-e most aptly compares the 




action of X-rays to that of mercury. In the use of this drug 
cause the patient to absorb the largest dose compatible with the 
integrity of his organic functions. ' In the treatment of syphilis 
by means of insoluble salts,'' he writes, 'we give at each injection 
the maximum dose compatible with the integrity of the buccal 
mucous membrane, and we diminish the intenals between the 
injections as much as possible, with due regard to the state of the 
mouth. The dose will vary according to the tem]ieranient of tl 
patient — his age, his physical condition, the form and stage 
disease.' In treatment by the X-rays the problem is the same. 

We desire to obtain the absorption of the quantity necessai'y 
effect a cure as quickly as possible. As this quantity genei 
exceeds the normal dose, we separate the st-ances, and give at 
exposure the dose necessary to provoke the required degree of 
reaction, whilst preserving the integrity of the skin. The time 
between each irradiation we make as short as is compatible with 
this requirement. 

These rules are not al>solute, and must be modified to : 
individual cases. In some cases it is advisable to give less than 
maximum dose, since l>etter results are obtained by shorter 
posures at more frequent intervals. 

Holsknrc/it has fixed the maximum dose which the healthy si 
can absorb without danger to its integrity, and at the same tii 
has given us a most valuable means of measuring its quantil 
The following are his indications : 

For young subjects a dose of S H., and for adults a dose of + 
is required in order to produce reaction of the first degi-ee — 
epilation without redness in the healthy skin of the face, 

A dose of 5 H. to 7 H. is required in order to set up a reaction 
of the second degree — i.e., a superficial ei'osion without ulceration, 
followed by healing without scarring. 

On the surfaces of flexure of the joints a dose of 4 H, to 6 
will produce reaction of the first degree, and a dose of 6 H. to 8 
will produce reaction of the second degree. 

For the surfaces of extension of the joints, the trunk, the scalp, 
the palms of the hands, and soles of the feet, a dose of .■) H. to 7 H. 
will produce reaction of the first degree, whereas 7 H. to 14 H. 
will be required to produce reaction of the second degree. 

A certain deduction must be made from these doses in the 
of akin which is the seat ot inflammatory changes, either 
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B or from racliodermatitis. This deduction should be 1 H. 
or 2 H. for a dase of 6 H., and 2 H. or 3 H. where more than 
G H. would be required for the normal skin. 

For plate cultures of bacteria 20 H. is the average amount 
^which should be given at each exposure. 

In the present state of our knowledge the maximum dose may 
te fixed at 10 H. per month. This quantity must not be exceeded, 
«xcept after due consideration, and with the certainty of producing 
An ulceration lasting many weeks. 

These data, as Hnlzkneiht himself points out, require confirma- 
tion and amplification hy further experiments, since the subject is 
too extensive for a single investigator. 

The abo\e doses are supposed to be given at a single sitting. 

'["hose who prefer fractional doses may divide the total t|uantity 
into eight or ten consecutive exposurcB at intervals of two or three 
days. In this case the total amount should he slightly increased, 
for the tissues have time partially to recuperate after each ex- 
posure. A totally different effect is obtained when a quantity of 
10 H. is given at a single sitting, and when it is divided into ten 
exposures, with two days' interval between each sitting. 

At the Broca Hospital we give the required dose in a single sL-unce, 
or on two consecutive davs, according to the requirements of the case. 

The following are the (juantities which experience has led us to 
adopt : AVe give 4 H. or 5 H. in one or two exposures in order to 
produce epilation of the scalp in the case of tinea. For the face 
we du not exceed ^ H. or -t H. We then await the result and in- 
crease the dose if necessary. 

A dose of i H. to (i H. may he given in tatses where we desire to 
secure a superficial effect on a comparatively healthy tissue, as in 
pruritus, hypertrichosis, etc. 

When a stronger action is desired, and when the tissues are but 
little inflamed, we may increase this dose. 

We use 5 H, to () H. iu the treatment of the seborrlueides, 
ei'iienia, acne, etc. ; 4 H. to 5 II, is sufficient for psoriasis. 

With 8 H. or 9 H. in cases of lupus erythematosus, we get a 
very strong reaction which heals with difficulty, and only after the 
lapse of a considerable time. The same may be said of lupus 
vulgaris. The dose of 4 H. should not be exceeded in ca.ses where 
reaction is to be avoided. Tlie maximum dose is 8 H. or 9 H., 
J is usually followed by ulceration of more or less intensity. 




Seven H. or 8 H. may be given in cases of cutaneous epithelioi 
In these cases the reaction is sometimes very intense, but it is 
rarely followed by serious consequences, and the tumour usually 
undergoes rapid change. If the lesion Js ulcerated, this dose may 
even be exceeded without inconvenience, but care must be tal 
to protect the neighbouring healthy skin by means of a h 
shield. 

In cases of recurrence after operation, and in malignant tumoi 
of the breast, with or without glandular enlargement, it is n( 
to act energetically, taking care however, not to set up superfidi 
ulceration. In this case the does varies from T H. to 10 H., 
according to the particular ca.se and the stage of the integuments. 

In very serious cases progres-sing rapidly it may be advisable to 
exceed these quantities, for a radiodermatitis is of little importance 
when compared with so formidable a disease. We therefore seek 
to circumscribe and arrest its evolution, even at the cost of severe 
reaction. Even then we must not allow the reaction to esceed 
superficial erosion. We shall give move precise details when 
come to study the various diseases wliich are amenable to radii 
therapeutic treatment. 

We may repeat that, as a rule, the dose for an adult should not 
exceed 9 H. or 10 H., and that this dose should only be given when 
the severity of the disease demands energetic intervention. 

A most important point is the time which ^^houtd elapse between 
each exposiire when the total quantity required is so great that it 
must he given in several instalments. 

BMere's experience leads to the conclusion that the intervi 
between two seances should be alwut seven days. 

Ilie inter^■al should evidently depend on the quantity ahsorl 
during each seance. If the dose is small, producing merely a slight 
erythema, the interval between the exposures may Ije shortened. 
When the dose has l>een considerable, the interval of seven days 
advocated by Bfclere is in our opinion mther too short. 'ITie 
reatttion in many cases only attains its maximum in ten to twenty 
days ; it is often scareely visible on the seventh day, especially if 
the dose was a large one. 

In such cases the appearance of the lesion on the seventh day 
would not guide us in our future treatment. 

Usually we separate successive irradiations by an interval of 
from ten to fifteen days. If the previous dose was a large one, 
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such as is given for epithelioma or cancer of the breast, we increase 
the interval to twenty days. We repeat the dose only when the 
reaction is slight, or has partially subsided. Further details will 
be given in a subsequent chapter. 

These, then, are the two important factors in radiotherapy — 
quantity and quality. 

A knowledge of these two data will enable us to reproduce the 
same conditions, and therefore to produce the same effects and 
with the same therapeutic results. They are strictly scientific 
data because they apply to the X-rays themselves, and are not 
dependent on the appai*atus which produces them. 

Information can now be given in formulas such as the following : 
^ To clear an obstinate patch of psoriasis on the knee we must 
administer from 4 H. to 5 H. of Holzknechfs units, the rays 
having a penetration con-esponding to No. 5 or No. 6 on Benoist's 
radiochromonieter.'* 

With such data the physician can use any form of focus-tube ; 
he may use either an induction-coil or a Wimshurst ; his static 
machine may be a very powerful one or it may be only a small four- 
plate machine ; he may place his focus-tube at whatever distance 
from the skin he prefers ; in a word, he may vary at will all 
the technical conditions of the operation, and yet he will always 
secure the desired result so long as he is careful to adjust these 
two factors correctly: the quality of the rays and the quantity 
absorbed. 

Next in importance to these are the biological factors; both 
quality and quantity require slight modifications according to the 
sex and age of the patient, the region treated, and the nature 
of the disease. 

We do not desire to condemn those who think it advisable 
to record the electric constants and the different measurements 
of time and distance which are noted during their treatment. 

Such data are of interest, since they enable one to realize 
the experimental conditions under which the operation took place, 
but they are of no value as a means of comparing results. ITiey 
are valuable for the experimenter's private use, since they refer 
to his own installation, but they give no useful information to the 
reader. 

Quantity and quality are the only data of universal importance. 
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or Dirce weekfr' delay, that our irradiatioa hag Dot been of suffit 
iiitennity. 

' Our method of procedure is in accordance with theory, 
dealing with a drug which is tardy and cumulative in its 
one docH not commence witli a small dose, and then increase 
do»e progressively. It is usual to commence with a large dose, 
and diminish the subsequent doses little by little. 

' The fret^ucncy of the seances depends on circumstance: 
po.sc we have a child in hospital suffering from favus : we wish 
produce an epilation of the scalp. The first exposure would 
one of fifteen minutes' duration, with the aiiticathodc at a distant 
of IS inches, or an exposure of ten minutes' duration, with a dis- 
tance of 10 inches. On each succeeding day a shorter exposure 
would he given. Later on the seances would be on alternate daj 
and later still on every third day, while the duration of expos 
would be giadually diminished to five, and ultimately to 
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' When the hairs begin to fall out, which u.-<ually occurs at t 
end of the second or at the commencement of the third week, ' 
irradiations are suspended, and the epilation will be eomplef 
without the occun-ence of serious dermatitis. 

' Suppose now the same child comes as an out-patieut The 
first exposure is of the same duration and at the same distance 
as before, but for the convenience of the patient the subsequent 
irradiations are somewhat less fretjuent. During the first week 
the seances are repeated at intervals of two or three days, each 
lasting for six or seven minutes. During the second week the 
seances occur every four days for four or five minutes, at a distance 
of IS inches. Mutath muUiitdh, the same pi-ocedui-e is employed 
for lupus, sycosis, psoriasis, etc.* 

In conclusion. Scholia adds a paragraph on the detennination of 
the best dtstan<-e of the anticathode from the skin : ' A consider- 
able distance — 12 to IH inches — should intervene when the surface 
to be irradiated is extensive, especially when the dose indicated is 
moderate, as in epilation and widespread psoriasis. By this means 
we equalixe the intensity over the whole area, and even convex 
regions tike the scalp may be comparatively uniformly irradiated. 
The rays should, as far as possible, fall perpendicularly on the 
skin. A lupus of the nose should be irradiated on either side, or 
better still, on the dorsum and on either lateral face suocessivelv.' 
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In his work published in 1903 Framd inditates the modifications 

liih he has iiitrodufe<l into his fonner method. Following 
Scha/tz's example, he employs soft focus-tubes, commencing with 
an intense exposure at a short distance, and then diminishing the 
duration and inci-easing the distance at each subsequent seance. 

Both of these authors advocate frequent exposures, each of shoi"! 
duration, I'epeated until the occuiTcnce of reaction. On the appear- 
ance of the first symptoms of reaction they stop the treatment. 
They assert that the eH'ects of the irradiations continue for some 
(.■onsiderable time after the treatment has been stopped. A similar 
method is employed by many other practitioners — by MtilUr, 
Groiiven, Hnvivi, Piitcy, Zrchnu-iitier, McrK; Tiiriik, Schfin, Gaatoit, 
Firira, HaU-Eduardu, Boczar, and others. 

AVAj/T has recoui-se to preliminary irradiatiuu to determine 
the susceptiljility of his patient to the action of the rays. He also 
recommends the use of hard tubes, in order to avoid any danger of 
too intense a reaction. 

Giismiiann and Schmkel follow a procedure very like that of 
Sch'iff'. They use a coil giving an 18-inch spark, with a current in 
the primary of 3 or 4 amperes, at a pressure of 30 volts, and a 
k interruption of 20 to 30 per second. With this current the 
«nticathode becomes red hot. The soances are continued until 
the occurrence of the firat signs of reaction, 

Scholts, who was a pupil of \ehsn; uses a soft focus-tube, and 
employs iiistruments of exait measurement in his radio therapeutic 
practic-e. The following is his method of procedure: 'In order to 
determine the sensibility of the skin, we commen<-e with a pre- 
liminary irradiation of feeble intensity. This is especially necessary 
in the treatment of acne, hypertrichosis, eczema, and folliculitis of 
the beard. After a few days" interval we give a fairly sti-oug 
exposure, in order to set up the desired degree of reaction as 
rapidly as possible. At each succeeding seance we diminish the 
intensity of the irradiation. The final exposures are of moderate 
intensity, and are continued until the desired degree of reaftion is 
attained. 

This method is midway between that employed by Sckiff" end 
Freund, and the technique followed by KiaibiicV. We thus attain 
the desired effect as quickly as possible ; we no longer work in the 
doi'k, and so run no risk of producing accidental dermatitis. 
Moreover, we avoid the unpleasant experience of finding, after two 
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tji&t fortnight Sldicd^H gives two seances a week of five niintites'l 
dnmtion each, with a distance of 10 to 12 inches. If no reaction I 
or improvement occurs, he increases the exposures to three a week, I 
each of ten minutes' duration. The distance is reduced to S inches, 1 
and finally to 5 inches. If this has no effect, the duration iftfl 
increa^ied to fifteen or twenty minutes, and the exposures arel 
repeated until slight erythema is pi-oduced. Oieasionally a more I 
severe dermatitii* sets in, which necessitates an interruption of the 
treatment. This is generally followed by the rapid amelioration 
of the disease. The seances are renewetl as soon aa the reaction 
has diiiappeared, and little by little the lesion begins to heal. J 

Kieitbikk, in hi>i report to the ('ongres,s at Grenoble, thtu-fl 
describes the techni(|ue he employs : ' We use a very powerful coil, 1 
giving a spark of 16 to 20 inches, with a mercury or an electro- 
lytic break, giving a high frequency of interruption. We employ 
a regulating- tube made by Mliller of Hamburg, and we maintain , 
this in a moderately soft state, regulating the cun'ent so as to give 4 
the ma-ximum illumination. If the morbid condition is of smaU | 
extent, we bring the tube as close as possible to the patient's skin, 
and we are thus able to i-educe the length of exposure to a few- 1 
minutes. If the disease is of larger extent, the tube must be placed 1 
further off, in order to eiiualize the intensity of the raya over the ' 
whole irradiating surface. If the area to be treatetl is of very 
large extent, it may be necessary to alter the position of the tube 
from time to time. The healthy skin around the diseased area is J 
protected by a plate of lead, 25 millimetres thick, which is coveredJ 
on both sides with a sheet of caoutchouc. This protects the skin*! 
from sparks, and can easily I>e cleaned when reijuired. 

' At each seance the dosage may be varieii in various ways : 

1. 'The magnitude of the irradiation depends on the quality 
and intensity of the X-rays, the distance of the anticathode from 
the skin, and the duration of the exposure. As we rarely alter 
the (|uality and quantity of the rays, or the frequency of in- 
terruption, and only slightly vary the distance of the tube from 
the skin, we are able to adjust the dose by altering the duration of i 
the exposure. This is usually from five to fifteen minutes. 

9. 'The most scientific mode of estimating the dose is that I 
invented by Hd^km-cht. By the side of the in-adiated a: 
placed a pastille. This contains a reagent, which is coloured of | 
a more or less deep shade of green according to the amount ( 
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X-rays absorbed by the pastille, and consequently by the adjacent 
skin. The colour ac(|uired bv the pastille is compared with the 
difTereiit tiots on a graduated scale which serves as a standard, 
nnd the exposure is continued until the required depth of colora- 
tion is obtained. This chronioradio meter, as it is called, enables 
u-. to measure tlie quantity of rays absorbed bv the skin, and 
hence the intensity of the exposure. This measurement is quite 
independent of the resistance of the focus-tube or the frequency of 
the interruptions in the primary circuit, the effective duration of 
an exposure being represented by the total number of X-ray 
emissions which strike the skin. 

y, ' A thii-d means of measui-ement has been devised by Freiind, 
who uses a 2 per cent, solution of iodoform in chloroform. This 
li<|Utd acquires a red colour under the inftueuL'e of the X-rays, the 
depth of the coloration increasing during an exposure.' 

Kifiibikk then proceeds to deline the doses of X-rays, ' A small 
normal exposure' is one which produces a reaction of the lirst 
degree. It is an absorption of 'A H. units during an irradiation 
of six minutes. A ' normal exposure,' or u ' medium normal ex- 
posure,' is one that will produce a slight reaction of the second 
degree. It consists of an absorption of 4 H., the exposure lasting 
from seven or eight minutes. A 'strong normal exposure' is one 
that will produce a more marked reaction of the second degree, 
with an absoi-ption of 5 H- in the course of nine or ten minutes. 
Finally, ' a double normal e;xposure ' will produce a reaction of 
the third degree, 8 H. being absorbed in a period of fifteen 
minutes. 

This question of dose is of the greatest imjiortance. 'What 
dose should l)e given during a radiotherapeutic exposure? At 
what intervals should the seances succeed one another? How 
many ex|)Osui-efi should l>e given ?' 

The answer to these questions cannot he given categorically. It 
must depend on circumstances. 

There are some affections of the skin which are curable by 
a radiodennatitis of the second degree. This may lie produced by 
a single normal exposure of eight minutes'' duration with the 
absoi'ption of a dose of + H. 

Thei-e are other diseases which require foi- their cure an acute 
dermatitis repeated every two months. 

On the other hand, there are certain ntfections of the skin in 
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which an acute reaction should be avoided, but where we endeavour 
to net up a chronic dermatitis with a slow course of evolution* 
This may be effected by exposures of medium intensity more 
frequently repeated — perhaps as often as once a week. 

Finally, in some affections we desire to obtain the d^enerative 
action of the X-rays without any inflammatory reaction. For this 
purpose, a slight reaction at long intervals, of a fortnight or more, 
is all that is required. 

In France the method most generally employed is that of Otidhh, 
which we will proceed to describe. 

In Otulins opinion, a most important indication is the colour of 
the anticathode, which becomes heated by the bombardment of 
the cathode rays. This should be of a deep cerise tint. The 
tube he uses is a soft one, and should be brought as close as 
possible to the skin — *just at the nearest point,' says Oudin^ 'at 
which no spark can strike across fix)m the tube, and where the 
radiating cone of X-rays will embrace the whole surface to be 
treated." The distanc-e between the wall of the tube and the skin 
may be as little as 5 centimetres. In consequence the duration of 
exposure is much diminished, and may be counted by seconds 
instead of minutes. The length of exposure may be gradually 
increased, but must never exceed five minutes. 
The following is his method of procedure : 

* The first seance is of only thirty seconds' duration. After an 
interval of forty-eight hours I give a second exposure of one 
minute, and after another interval of forty-eight hours, a third 
exposure of a minute and a half. I proceed in this manner, adding 
half a minute e\*er}' other day, until the duration of e3qposure 
reaches three minutes. At that point I suspend the seances for 
a week. If there are no signs of irritation, I recommence with 
three minutes aiul increase gradually up to £ve minutes — a 
duration of exposure which I ne\*er exceed. 

^ If at any time slight redness and itching occurs, I suspend tbe 
s^Nimcess until these hax-e completely disappeaiedL On recommenciiig, ' 
I am can^Ail iH>t to begin with a long exposure* espectaUj if tbe 
k«Hm is su{^ri)cial. If I am treating a deep-seated lesaon. I 
iiKYV«$«^ the dose gradually, stopping again on the ocramnce of 
ervthoukc* 

At the meeting of the Societe de Dermatologie of Mardk 19M^ 
iWJii thus exptesses himsdf: 'I employ a focus-tnbe the icsirt* 
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ance of which can be maintained constant by an osmo-regulator 
so as to give an equivalent spark of 2 to 5 centimetres, ^r super- 
ficial affection, I use rays of a penetration of No. 5 to No. 7 on 
Benoist''s radiochromometer. For deeper lesions I use rays of No. 7 
to No. 10 on the same scale. The tube is placed as near as 
possible to the skin, so as to illuminate the whole diseased area, 
usually 5 to 10 centimetres from the latter. The s^nces are 
repeated every second day, beginning with very short exposures 
of firom two to four minutes. At each succeeding stance, I increase 
the time of exposure by half a minute, and I continue the treat- 
ment until the appearance of an erythema. Under the circum- 
stances of its production this erythema is usually benign, commences 
from twelve to twenty-four hours after an exposure, is accompanied 
by some slight heat and itching, and disappears in the course of 
a few hours. The production of this erythema is the basis of my 
treatment. It acts as a sort of touchstone by which I regulate 
the duration of the seances and the intervals between them. I 
endeavour to produce it systematically, and am thus independent 
of measurements of voltage and amperage, which however, I keep 
constant as far as possible. In every case I know that the erythema 
will appear after so many minutes'* exposure. This, which I may 
call the critical exposure, I repeat for several seances when I wish 
to provoke a simple radiodermatitis. In most cases — and I think 
this is the better plan — I give exposures just short of this. In the 
production of this benign dermatitis, I often notice a personal 
co-efficient which varies in different individuals. This idiosyncrasy 
is as well marked in these cases of benignant erythema as it is 
doubtful in the severer forms of dermatitis. 

As regards Holzknechfs chromoradiometer, Oiidin finds it of 
doubtful value. In his opinion it is very difficult to use, and its 
indications are not very exact. 

Gaston and Vieira follow Schiff^s method, the only difference 
being that the stances occur on alternate days with a duration of 
ten minutes, and are continued till reaction appears. 

At St. Louis, Sabotiraud employs the following method in the 
treatment of tinea by epilation : He gives the required dose of the 
rays at a single sitting, and awaits the result This is the method 
that we recommended when he sent Dr, XoirS to the Broca Institute 
to study our technique. 

At St. Louis a statical machine is used for the production of the 




X-rays, which have a penetration of No. 4 or No. 5 on Benoistv 
scale. The dose is measured in Holzknecht units. 

Ilaiet and iJexJoxscs give a number of short scanres several time.- 
in the week. In this way they cause the absorption of a ({uantity 
of rays equal to Ifi H. in a month, stopping the treatment when 
the lesion is somewhat modified. With this treatment they 
obtained good results in a case of cutaneous epithelioma which 
was exhibited to the Socii>te mt-dicale des Hopitaux in January, 
1904. 

Dr. Bit&tc bases his method on the two following rales : 

1. To give at each sitting the maximum quantity of X-rajn 
compatible with the integrity of the skin or mucous menibram 
irradiated. 

!i. To make the interval between the seances as short as is cotn*^ 
patible with the integrity of the skin and mucous membrane. 

In order to comply with the firet rule, he makes use of J/ohkneihffM 
apparatus for nieasui-ement, but he relies chietly on the results c 
his own obser\ation and pereonal experience. 

' To comply with the second rule," he says, ' I find by expeneneA'J 
that an interval of a week is usually required. This period of 
seven days is not invariable, however. At the commencement of 
the treatment, when the giavity of the case seems to i-equire it, 
I frequently give two s<Jances each week for a week or two. Very , 
excejjtionally I give three seances in a week, at the risk of setting.] 
up a certain degree of dermatitis. In a severe case this is justifiably.! 
just as in syphilis we run the risk of producing salivation latber ' 
than that of administering too small a dose of mercury. On the 
occuiTence of dermatitis, I either diminish the weekly dose or 
increase the interval between the seances. On very i^are occasions 
I have been compelled to intermit the treatment until the reddened j 
and des<{uamated skin has regained its normal condition. In thft ] 
ca.ses which I liave treated myself, some fifty in number, I have 
never set up an ulcerative dermatitis. By rigorously following the 
rule of a seven davs' interval, I believe I might have avoided even , 
the slighter cases of dennatitis that I have met with; since many ■ 
of mv patients, with weekly seances, have been able to continue the , 
treatment for many months without inconvenience or interruption.' 

/Cienbiick has shown that the methods employed by different ^ 
observers fail naturally into three classes: 

First Claan. — A small dose is given every day, and this is rejteated i 
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until the occuirence of reaction. The length of exposure ia so 
adjusted as to cause a slight erythema at the end of a fortnight. 

Secaml Class. — The second class is subdivided. Some authorities 
give irradiations of moderate intensity twice a week until the 
occurrence of reaction. Others give a medium exposure for two, 
three, four, or five consecutive days, and then await reaction. 

Third Class. — This is the method which Kiiiibikk himself 
advocates. He gives the necessaiy quantity of X-rays at a single 
sitting, and then awaits the reaction. 

I'his is a useful classification, but not a perfect one, as the 
methods used by some authorities do not find a place in any of 
the above classes. 

In our opinion, radiotherapeutic methods may be arranged in 
two piimipal groups, each group being in its turn subdivided. 

The first embraces all those methods in which the irradiation is 
continued until the occurrence of reaction. 

There are thrce subdivisions of this method : 

1. Irradiations of very feeble intensity are repeated every day. 

2. The treatment is begun by very feeble irradiations, which ai;e 
increased day by day. 

A. The early irradiations are of medium strength, and the dose 
is gradually diminisbed. 

The second main group consists of those methods in which the 
necessary dose is given, and then the operator waits for the occur- 
rence of reaction Ijefore proceeding further. There are two sub- 
divisions : 

1. Massive dose — when the full dose is given at a single sitting. 

2. Fractional doses — when the required dose is given during 
several seances. 

The methods of the liret category are open to several objections. 
In radiotherapy it is dangerous to go to work blindly. This is 
what is done when we continue the iiTadiations daily until the 
actual occurrence of erythema. \Ve must remember that there is 
a well-defined stage of latency between the penotls of action and 
reaction. This stage is longer or shorter according to the intensity 
of irradiation. In giving daily sean<-es until reaction occurs, we 
must remember that the cutaneous symptoms only appear from 
seven to tit^een daVM after the skin has absorbed the dose necessai'y 
to prmluce the required reaction. If we continue treatment till 
reaction occuiis, it is evident that the irradiations given during 



200 RADIOTHERAPY IN SKIN DISEASE 

these last seven to fifteen days are superfluous, and by their addition 
to the reactionary dose will increase the inflainniatory symptoms. 
It is true that by employing small or diminishing doses this danger 
is minimized. Even then, as KU-nhwl- has pointed out, this method 
is tedious and is unnecessarily fatiguing both to doctor and patient. 
It is still worse if the doses &w progressively increased. It is some- 
times said that the patient may become gradually habituated to 
stronger and stronger doses ; tliis, however, is not the case. There 
is, on the contrary, a cumulative action. Moreover, the skin will Iw 
exposed to the more intense irradiations towards the end of the 
treatment, when the dose already absorbed has been sufficient to 
determine a dermatitis. Although the exposures may cease when 
erythema occurs, the reaction will not stop there ; a radiodeniiatitis 
will occur, which may result in teirible ulceration, since the later 
and stronger irradiations have Iteen day by day adding their effect 
to the reactionary done during the latent period. This alone is 
enough to condenm the method of procedure by increasing doses. 

The methods of the second class ai-e more scientific, since they ' 
ac-cord better with the use of exact instruments of measurements. 
The dose necessary to produce a given result is determined oni* 
for all. We endeavour to cause the absorption of the esact dose 
and wait for the desired effect. Frequently, however, the quantity 
of X-rays necessary to cure a given lesion will be greatly in excess 
of any dose compatible with the integrity of the integument. 

In that event we give the maximum dose which can be absorbed 
without injury to the skin, Sabtntraud, Birilret and others give 
this dose at a single sitting. Krenbiick points out that to do this 
with safety rec|nires great experience on the part of the operator. 
For our part we are very nmch of his opinion, but once this 
experience has been attained, the method gives a wonderful facility 
for treatment, especially in hospital cases, the numlwr of which 
increases day by day. If the installation at our disposal is not 
a very powerful one, it may be difficult to give the necessary 
quantity at a single seance. In that case we may give consecutive 
sittings for two or thi-ee days, so that the total quantity of rays 
absorlied shall be slightly in excess of that which would have been 
given at a single exposure. After this, we have nothing to do but 
to watch the case carefully and wait patiently for any manifestations 
of reaction. When these subside, we recommence the treatment 
again as often as necessary. 
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Tliere are some objet-tions to this method. The |»ttients are 
«nly treated at intervals of a fortnight or more, for a period of 
lalf to three-quarters of an hour. For lome Imaginative patients, 
in private practice especially, this treatment does not seem to be 
active enough. It is, however, an advantage in hospital practice, 
since the patients are not taken away from their work more than 
twice a month. 

It may be objected that precious time may be lost by following 
this method. For instance, in a case of epithelioma, it is judged 
necessary to give a periodic dose of 6 H. This quantity is given 
in two seances, and we await the result. After fifteen to twenty 
days, it is found that this quantity is not sufficient to produce the 
necessary reaction and the lesion is uniiff'ected. ITie treatment has 
to Ixf recommenced with astrangerdoseafter the loss of fifteen days. 

In this case the fault does not rest with the uiethod, but depends 
on an en'or in the determination of the dose. 

Instead of giving the dose in one ov two st'ances, it may be given 
in six or seven sittings, separated by two or three days' interval. 
The intensity of each application must lie such that the sum of all 
the irradiations will equal the (juantity of X-rays required. This 
is StkoUs')! method. It has the same advantages as the single 
massive dose, but refjuires the exjienditure of more time on the 
part of both doctor and patient. The patient's visits will Ije more 
frequent, and moreover the sum of the fractional doses should be 
slightly in excess of the quantity which would have been given in 
one exposure when the single massive dose is employed. 

Kienbiick has shown the same quantity of rays will produce a 
different effect according to whether they are absorbed at one 
exposure or in five or six seances, sepai-ated by an interval of several 
days. 

In general, the i-eaction is less marked when the irradiation is 
given in fractional doses. According to ouv own observations it 
would appear tliat the quantity of a single mas^ve dose must be 
increased by one-(|uaiier in order to get analogous results with 
frai-tional doses. On the other hand, the patient is much less 
fatigued by a series of short exposures, he is better interested in 
the treatment, and is encouraged by more frequent interviews with 
the doctor. The fractional method is therefore preferable when 

Ce at no great distance. It is moreover, indicated in 
the rays are used for the alleviation of pain or pruritus. 
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since frequent seances are more likely to maintain the sedative eft'ei-t 
of the X-rays, 

It is evident that we must not blindly follow the same technique 
in every case. As GmhUt- and WiUiamn remind us, each individual 
case should be studied independently, and our methods must be 
varied from time to time in oi-der to get the best results. It is 
very evident that totally different procedures are required in the 
case of a limited cutaneous epithelioma, and that of a painful 
carcinoma of the breast. In the former case a single massive dose 
will probably prove successful ; in the second case fractional doses 
must be given in order to allay the pain. Again, frequent small 
doses are indicated in those cases where there is risk of the absorp- 
tion of morbid products or toxins. 

The Reaction. — la it necessary to set up a visible reaction in 
radiotherapeutic treatment .■' 

The answer to this question is not easy. As Schiff says, the 
ideal method for epilation would be to cause the hairs to fall out 
without any accompanying erythema, or any vesiculation or 
cutaneous atrophy. The attainment of this ideal is unfortunately 
very difficult, if not impossible. There is great difference of opinion 
as to the necessity of producing reaction in the treatment of skin 
diseases, or the destruction of morbid growths. 

Diclsoii and others considei' that marked reaction is to be 
avoided. 

IVilliaJim, in his last work on the X-rays, repeats his opinion 
given in 1001: 'In order to get the Ijest therapeutic results, 
violent reaction is quite unnecessary. In certain malignant neo- 
plasms however, where the skin is intact, be thinks it may be 
advantageous * to drain the tumour ' by making a communication 
between it and the surface. This may be done either by a surgical 
incision or by a small Roentgen ulcer properly produced. By this 
means the toxins resulting from the destructive action of rays on 
the cancer cells are eliminated, instead of Ijeing carried into the 
circulation. 

In the treatment of neoplasms, Morton advises that the irradift- 
tion be continued even after the occurrence of dermatitis. 

Most practitionere of radiotherapy endeavour to set up a slight 
cutaneous reaction, and then intermit the treatment until all in- 
flammatory reaction has ceased. We are of opinion that the 
exposure should lie continued in spite of reaction, in the treatment 



of lesions, such as ejtithelioma and sai-conia, in which the rays may 
be supposed to have an eiimuiating action. A certain degree of 
erythema, or even a slight inHammatoiy reaction, is of advantage 
in such cases. In more severe lesions, such as carcinoma of the 
breast, a still more active treatment may be necessary. 

We are, however, far from advising the production of ulceration 
or sloughing in any case. 'I'he production of dermatitis is only 
permissible in very exceptional cases, necessitated by the gravity or 
extent of the lesion. Usually we stop at the first sign of erythema, 
and in certain cases even this should \xl avoided. The physician 
may not in every case be able to cure; he must never injure. In 
the portion of this work devoted to the radiotherapy of skin diseases 
we shall indicate more in detail the exact stage of reaction at which 
the treatment should be discontinued in each case. 

The Author's Method. — In Pr. Urutquen electrotherapeutie 
department at the Broca Hospital we follow a method very similar 
to that of K'lenhikfi, subject, however, to niodilifations according 
to the nature of the case to lie treated. It is a most excellent 
technique for hospital jiatients, enabling us to treat a large number 
of cases effectually in a limitefl time, and guarding against the 
danger of accidental dermatitis. It has been gradually evolved 
from a long series of experiments and therapeutic observations. 

We carefully examine the patient and the lesion fi-oni which he 
is suffering, and thus determine in advance the dose which is 
nei-essary to produce a definite result— cither complete resolution, 
if this can be obtained without .setting up dermatitis, or a certain 
degree of reaction, if the total dose would be too great to lie given 
with safety to the skin. For instance, we know that a dose of 5 or 
6 H. is sufficient to completely clear up a patch of psoriasis with- 
out serious reaction. We therefore submit the lesion to an ex- 
posure of 6 H., with rays of a suitable degree of penetration. 
If, on the other hand, we are treating a case of epithelioma of the 
skin, the total dose would be much too large to give at a single 
sitting. 

It may Iw impossible to determine u /niiij-i the ijuantity of rays 
required. In this case we administer the largest dose compatible 
with the integrity of the integuments, say 7 or H H. If theepithe- 
lioma is already ulcerated, this may lie increased to 10 or 11 H. 

The dose ome determined, we administer it in a single exposure, 
or in the course of two seances, separated by an interval of twenty- 
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four hours. There is no therapeutic advantage in giving t"o 
exposures. If the dose is a small one and can be given in a reason- 
able time, there is no object to be gained by spreading it over two 
sittings. If the cjuantity is larger, it may be necessary to give the 
dose on two occasions in order to dimini.sh the fatigue of a pro- 
tracted sitting. In reality there is no diiference in the two methods, 
and it is only the limited power of our apparatus that obliges us 
in eei'tain cases to give a second exposure. The only point to be 
taken iuto consideration is the magnitude of the total dose absorbed 
by the skin. The effects in both cases are absolutely identical, 
whether we give 10 H. at a single sitting or 5 H. on two occasions 
with an interval of twenty-four hours between them. 

On the evening of the exposure we may occasionally observe a 
slight erythema over the irradiated area. This occurs just as fre- 
quently after a single exposure as after a double one. We have 
already given an explanation of this phenomenon, which should 
not be regarded as con tm indicating the second exposure. 

The required dose having been absorbed by the skin, we tell the 
patient to return in ten or twelve days if the irradiation has been 
a slight one, or in fifteen to twenty days if the exposure has been 
more prolonged. 

During this interval he is directed to note the changes — erythema, 
itching, etc. — which supervene in the irradiated area. At his return 
we examine the lesion, of which a tracing and photograph have 
been taken, and we note the state of the disease and the degree of 
reaction. If, for example, the case is one of epithelioma and the 
surface is still red, itching, squamous, or weeping, we wait until 
the symptoms are ameliorated before proceeding to another ex- 
posure. 

If, on the contrary, the reaction was slight, and if the redness is 
abating and has almost disappeared, we submit the lesion to a second 
exposure, giving the same dose as on the first occasion. Once again 
we await the apparition and subsequent disappearance of reaction, 
and so on for as long as is necessary. In short, it is the attenuation 
of the phenomena of reaction, their disappearance, or their nun- 
appearance which guide us in the application of the X-rays. By 
this means all cumulative action is avoided, and the irradiation is 
carried out in a scientific manner. During the course of treatment 
described the lesions have been modified in appearance, the morbid 
tissues have begun to disappear, and the ulcerations have cicatrized. 
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We then begin to diminish the dose, basing our practice on the 
fact that a skin which has been already irradiated is more sensitive 
than one which is in its virgin state, and has never been ex])osed to 
the X-rays, As the process of healing progresses, we increase the 
intervals between the st'ances, and even after the reparative action 
is accomplished, we give an occasional slight exposure in order to 
complete the cure and obviate any danger of relapse. 

When the process of healing is completed, we cease all treat- 
ment, recommending the patient to return from time to time in 
order to watch the case. 

Our procedure is founded on the following principles: 

1 . To cause the skin to absorb the full dose necessary' for a cure 
in the shortest possible time, if that dose is compatible with the 
integrity of the skin. If this is not the case, to give at each 
exposure, or at each series of exposures, the largest dose which is 
compatible with the integrity of the integument. 

2. To give each subsequent exposure only after an interval of 
ten to twenty days; to await the subsidence of reaction before 
recommencing the treatment, and to vary the dose according to the 
condition of the tissues and the appearant-e of the lesion. 

In this manner we have treated a large number of patientA 
with satisfactory results without any occurrence of serious radio- 
dermatitis. In the cases where reaction has been somewhat ener- 
getic, it has been purposely excited in order to obtain the more 
rapid destruction of morbid growths. In determining the appro- 
priate dose, we have to consider the appearance of the integument, 
the nature of the lesion, the region of the body, and the age and 
sex of the patient. In any case of doubt it is better to give too 
little rather than too much. 

In doubtful cases, when the bkin appears very sensitive and the 
lesion irritable, we follow the example of Schi/f, and give a pre- 
liminary exposure. By this means we measure the patient's sus- 
ceptibility, and can then proceed more boldly. In treating 
widely-spread affections like [isoriasis or mycosis fungoides, we gi\'e 
a daily soance, directing the irradiation on a ditierent area each 
day, but giving each area its appropriate dose. We do not repeal 
the irradiation on any one spot until all symptoms of reaction have 
disappeai'ed. We have never seen any traces of the- supjjused ill-efl'ect» 
of X-rays on the general health. We have at the present time 
several patients who have for many months absorbed an average of 
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150 H. [itr month on ditiereut areas of the body without ill-effects. 
One patient, who has been treated for mycosis fiingoides with very 
satisfactory results, has absorbed \,S00 H. without any violent 
reaction, and withoijt any ill-cH'ect on the jfeiieral health. The 
estimated tjuantity of X-rays, 1,200 H., is well below the mark, 
for we have not taken into consideration the area of the irradiated 
regions. In order to get the true amount of X-rays absorbed in a 
given case, we must take into our calculation the ai-ea of the 
irradiated surface as compared with the unit of surface — it;., the 
area of a Holzknecht pastille. In that case the estimate of 
the quantity absorbed would lie increased four or five fold. 

It is evident that any possible influence of the X-rays on the 
general health must depend on the total quantity of rays absorbed. 
If a siirfaee 10 centimetres square is irradiated with the same 
intensity as a surface 2 centimetres sijuare, the amount absorbed 
by the oi^anism will be much greater in the former case. We 
would strongly emphasiite our opinion that the scientific applica- 
tion of the X-rays must lie based on the use of instruments of 
exact measurement. Ordy on this condition can ra<liotherapy 
emerge from the domain of empiricism, where it has so long 
sojourned, into the clear light of science. 



CHAPTER VIII 
INDICATIONS FOR THE USE OF RADIOTHERAPY 

SixcE Freund's inception of radiotherapy in 1896, the list of 
diseases treated by the X-rays has been increased till it contains 
almost every possible dermatosis, and a great number of other 
affections. As Leredde well says, radiotherapy, like every other 
physical discovery, has been the subject of many illusions. 
Whenever a new treatment has yielded satisfactory results in a 
particular class of cases, the special conditions are speedily for- 
gotten, and the method is used at all hazards for every possible 
affection. 

Two considerations appeared to point to the Roentgen rays as 
a possible source of therapeutic action : one was the discovery of 
their superficial action on the skin, and the other their penetrative 
power. 

The X-rays proved to be a potent agent in the treatment of 
skin diseases, but it was hoped that they would have a more 
profound action on lesions inaccessible to ordinary therapeutic 
agents. Hence the numberless attempts to treat pulmonary 
tuberculosis by this means. 

One after another, all the diseases which had resisted ordinary 
therapeutic treatment were submitted to the action of the rays, in 
the hope that the new form of energy might perchance influence 
them. Some affections were ameliorated, some were unaffected, 
while others were aggravated. The results of these experiments 
were speedily published, but since we had as yet no measuring 
instruments, it was impossible to describe the technique employed 
in each case. Thus we were unable to repeat an experiment under 
similar conditions. This may in some degree explain the contra- 
dictory results obtained in these early experiments. 

If one could understand the mechanism of the action of X-rays 
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one might hope to define theoretically the morbid attections for 
which they should be of use. Unfortunately we have only hypo- 
thesis to guide us in this matter. We do not even know what 
particular elements of the tissues the X-rays attack by preference. 
We can only have recourse to a series of systematic therapeutic . 
esperiments to determine what diseases are susceptible to treatment ] 
by X-rays. 

Kadiotherapy has extended its field of action very gradually. 
When favourable resulbi have been observed in one class of cases, 
it has been tried in analogous disorders. In this manner Perthes 
of Leipzig was induced to try the X-rays for the cure of cancer, , 
a papilloma on his own hand having disappeared after a 4ight i 
attack of radiodermatitis. In the same way Schiff wa.s led to use j 
X-rays for epilation by observing the shedding of the hair in a | 
case of naevu-i pilorua. 

Opinions differed greatly as to the indications for radiotherapy. 
As early as 19U1 Huhii gave it as his opinion that the X-rays I 
were only useful in the treatment of lupus, and that it caui^d 
injury in other skin diseases on account of the severity of the 
reaction. At that date Schiff was already treating many varieties ' 
of skin diseases by radiotherapy, and was hoping to apply it to the 
cure of deep ulcerations of mucous membranes which were not 
amenable to other treatment. 

About the same time Loudon, at the Russian Medical Congress | 
at St. Petersburg, declai-ed that radiotherapy had a great adv« 
tage over phototherapy, since the action of the latter is limited 
to a small area, and to the superficial layers of the skin, whereas 
the X-rays act over a larger area, and penetrate to a gi-eater 
depth. 

In 190S S'choltz published a long list of the different varieties I 
of dermatosis which he had treated by this method. These were 
lupus vulgaris, lupus er\-theniato8us, favus, tinea, sycosis, acne | 
vulgaris, acne rosacea, eczema, psoriasis, ntevus, vemeic, prurigo, 
pruritu.s. lichen, lichen ruber, pemphigus, lepra, mycosis fungoides, J 
carcinoma of the skin, and by[)ertrichosis. 

Freiind has attempted to classify the diseases amenable to X-ray I 
treatment in accoi-dance with the action of the rays themselves. 
The Roentgen rays act in two distinct ways, according to the 
magnitude of the dose employed. In small doses they produce 
irritation and alterative action on the structures of the skin. In J 
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larger doses their action is destructive, and this disintegrating 
action is usually limited to certain elements of the skin. 

In certain cases the X-rays, like many chemical substances, pro- 
duce an irritative action on the tissues, stimulate connective tissue 
cells, and produce cicatricial tissue. 

FretmcTs classification is as follows : 

1. Diseases of the hair, of the scalp, and other regions covered 
with hair. This division includes all those affections in which an 
epilation is required, in addition to the specific action of the 
X-rays on the tissues of the skin. These diseases are: favus, 
parasitic sycosis, non-parasitic sycosis, folliculitis of the beard, 
blepharitis, papillary dermatitis of the scalp, tinea, hypertrichosis, 
herpes tonsurans, and pelade. 

2. The second group comprises the ulcerative affections of the 
skin. These may be divided into the non-infectious ulcerations, 
on which the X-rays exercise a favourable stimulating action, and 
the infectious ulcerations of the skin, which require in addition 
the destructive action of the rays on the histological elements of 
the lesion and arrest of the morbid growth, lliese are: lupus 
vulgaris, scrofuloderma, cutaneous tuberculosis, epithelioma, rodent 
ulcer, lepra, mycosis fungoides, atonic and varicose ulcei*s, per- 
forating ulcers, etc. 

3. Tlie third division comprises the inflammatory diseases of the 
skin, whether acute or chronic, and the granulomata. These are : 
eczema, psoriasis, prurigo, lichen ruber planus, pemphigus, lupus 
erythematosus, furunculosis, acne vulgaris, and acne rosacea. 

The mechanism of the successful results of radiotherapy in these 
cases is not well understood. Freund considers that it is due to 
the electric effleuves from the tube. 

4. In the fourth category are placed the various dermatoses 
resulting from vascular alterations and vascular nsevi, etc. 

5. In the fifth division we find the lesions due to a progressive 
disturbance of the nutrition of the skin, verrucae, nsevi pilosi, and 
elephantiasis. 

In a similar manner Kienbovk has arranged the diseases sus- 
ceptible of radiotherapeutic treatment in four distinct groups : 

Group A. — Hypertrichosis, alopecia areata, canities circum- 
scripta, trichorrhexis nodosa, favus, tinea tonsurans, folliculitis. 

Group B, — Acne rosacea, comedones, eczema, verruca, lichen 
ruber, prurigo, pruritus, hyperhidrosis, psoriasis. 

14 
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Group C. — Condyloma acuminata, gumma, syphilitic ulceration, 
lepra, trachoma of the conjunctiva, lupus erythematosus, lupus 
vulgaris, scrofuloderma. 

Group D. — Mycosis fungoides, epithelioma, carcinoma, sart-oma. 

In America Puney has attempted to arrange the diseases in 
which radiotherapy is indicated, according to the hiological action 
of the Roentgen rays. 

According to him, the rays produce the following effects ; 

1. Atrophy of the skin and its appendages. 

2. Destruction of microbes in living tissue. 
t}. Alterations of metabolism. 

4. nestruction of certain pathologicHi formations. 

5. Anodyne action on the pain of malignant tumours, on 
neuralgia, and on pruritus. 

These various physiological actions ai-e indicated in the treat- 
ment of the following diseases : 

1. Hypertrichosis, affections of the scalp (tinea, sycosis, favus, 
etc.), ablation of the nails, atrophy or decreaseti activity of the 
sebaceous glands, comedones, acne, lupus erythematosus, hchen 
planus, psoriasis. 

% Destruction of microbes, lupus, 

3. Influence on nutrition of the skin, cc/ema, lupus erythema- 
tosus, lichen planus, psoriasis. 

4. Destruction of tissues with feeble resistance, carcinoma. 

5. Anodyne actionjon pain and pruritus. 

We append a list of the affections treated in the Massachusetts 
Hospital at Boston by J. T. Bowen in 190Si 

Epithelioma. 

Subcutaneous carcinoma. 

Senile keratosis. 

Lupus vulgaris. 

Sarcoma. 

Folliculitis. 

Eczema. 

Psoriasis. 

Varicose ulcer. 

Acne. 

Hypertrichosis. 

Alopecia. 
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Erythema induratum. 
Scleroderma. 
Hyperhidrosis. 
Ainhum. 

Most of these affections have been favourably influenced by 
radiotherapeiitic treatment. Some, however, and especially the 
last three diseases, have not been in any way modified. 

In his admirable work, ^ The Roentgen Rays in Medicine and 
Surgery j** WiUianut classes the affections in which the X-rays have 
proved useful in the following manner : 

I. Cutaneous Inflammatwns. 

Intertrigo. 

Herpes zoster. 

Psoriasis. 

Eczema. 

Acne vulgaris. 

Acne rosacea. 

Prurigo. 

Pemphigus. 

Lichen ruber planus. 

II. Hypertrophies. 

Elephantiasis. 

Verrucae. 

Keratosis. 

III. Atrophies. 

Pelade. 
Alopecia. 

IV. Painful Derrnaioses. 

Pruritus ani. 
Pruritus vulvae. 

V. Parasitic Affection. 

Cutaneous diseases due to blastomycetes. 

1*— 2 
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VI. New Gmtctk.i 
Cancer. 
Keloid. 

Lupus v-ulgaris. 
Lupus erythematosus. 
Lepra. 

Mycosis fungoid es. 
Goitre. 

Thyroid hypertrophy. 
Pulmonary tuberculosis. 
Chronic peritoneal tuberculosis. 
Adenitis. 

Tubercular sinuses. 
Chronic ulcerations. 
Uodgkin's disea.^e. 
Diseases of the cornea. 

In France one of the first works on this subject was Oud'm'a 
article in Bombard's 'Traitcde Radiologie niedicale." The author 
briefly reviews some of the principal diseases on which the X-rays 
have a therapeutic efi'ect. 

These are : 

Tuberculosis. 
Articular affections. 
Diseases of the bones. 
Hypertrichosis. 
Acne. 

Furuuculosis. 
Lupus vulgaris. 
Lupus erythematosus. 

'I have purposely omitted,'' says Oudin in his chapter on radio- 
therapy, ' some of the applications of the X-rays, such as affections 
of the eye, pleurisy, ulcers of the stomach, cerebral tumoui-s, and 
syphilitic ulcers. Even baldness has been treated by the Roentgen 
rays. In all of these cases however, there is no precise information 
as to the effect of radiotherapy.' 

In an article entitled, 'The Present State of Radiotherapy in 
Cutaneous Affections," which appeared in October, 1903, I^redde 
complains of the abuse of the X-rays in the tieatment of affections 
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~ ^*^Viich they can afford no possible amelioration. If peuple would 
^ up regarding the X-rays as a univei-sal panatea, and reflet-t 
their mode of action, it would be seen that the whole of the 
"•ammatory and temporary affections of the skin are outside 
■•^ii- sphere of action. Their activity and penetration, which makes 
'^^tn so powerful a means of treatment in the hands of the derma- 
tologist, and the fact that their successful application needs long 
'^perience, prevent their use in slight cases. Radiotherapy should 
^^ reserved for the treatment of serious and obstinate dermatoses 
'^'Viich have resisted ordinary therapeutic measures. 

He classes the diseases suitable for radiotherapeutic ti'eatment in 
^hree main groups. 

1. In treatment of the diseases of the first group, it is necessary 
to produce a destruction of tissue. Hence we need not take any 
precautions against the occurrence of ulceration. The tube is 
brought close up to the patient, and the exposures are of i-elatively 
long duration. Cutaneous cancer is a typical lesion belonging 
to this group. 

2, In the se<:ond group it is desired to produi* a jirofound 
modiKcation rather than a desti'uction of the elements which 
constitute the lesion, and the substitution of a hardened cicatricial 
tissue in the place of the pathological formation. Lupus is the 
typical disease of this group. In treatment, the irradiation should 
be made with caution, so as to avoid too violent reaction. 

y. In the third graup we endeavour to produce a slight super- 
ficial lesion of a temporary character. This should only slightly 
modify the vitality of the tissue without the production of scarring. 
Hypertrichosis is the typical affection belonging to this group. In 
its treatment the seances should be of short duration, and the tube 
should be placed at some distance from the patient. 

In the opinion of this author, the number of diseases in which 
radiothei-apy is indicated is somewhat restricted, cutaneous 
epithelioma, lupus, hypertrichosis, favus, tinea and nsevus being the 
only affections in which the new method of treatment can be 
emploved with advantage. Even in these diseases, the results are 
not always satisfactory. 

All the foregoing classifications are necessarily imperfect, none 
of them being founded on data which are generally recognised. 
Some are incomplete, whilst others unite in one group diseases 
which are widely different in their natui-e. 




The last, that of Liirdde, is perhaps the least open to objection, 1 
because it is the vaguest of them all. But it groups together 
hvpertrichosis, eczema, and nievus, affections on which X-rays do 
not produce the same effects, and which shpuld not be treated i 
the same manner. 

He also places epithelioma in the first category, that of leaioi 
in which it is desired to produce destruction of tissue 
ulceration ; but in the treatment of <:ntaneous epithelioma 1 
ulceration is only accidental, and it is rarely necessary to pro^fl 
duce it. 

Until we know more of the mechanism of the X-rays, it will I 
wiser to base our indications for treatment on the knowledge of thi 
facts already acquired by experience. 

This is the opinion of Dr. BkUre, who divides all cutaneous 
diseases into two classes : those in which we can foretell the i-esults 
of radiotherapeutic treatment from a knowledge of the physiological 
effects of the Uoentgen rays, and those in which theory does notj 
enable us to foresee any special action. I 

The only physiological effects of the X-rays that we can recog- J 
nise with certainty are the various modifications which the healthy 
skin undergoes — i.e., rubefaction, epilation, vesiculation, ulceration, 
and sloughing. The diseases in which it is desired to obtain one 
of these reactions may be grouped in the first category. Diseases 
of the hair may also be placed in this group. There are two 
affections in which epilation is indicated— viz., diseases of the hair, 
and excessive development of the capillary system. Hypertrichosis, J 
tinea, sycosis, and all the parasitic affections of the hair, belong to-l 
this category. 

To the second class belong all those affections in which a ]nh*ni\ 
we should imagine the X-rays would have no influence, and in I 
which the octurrence of a favourable result came lather i 
surprise to the o]jerator. 

Thus Freiiiid employed radiotherapy in the treatment of sycosis^n 
because he had witnessed l>eforehand the epilating action of thi 
X-rays; whereas favourable results in the treatment of epitheliomip 
could not have l>een foreseen. 

It mav be objected that this division is not a true classificatiu 
Although we do not understand the mechanism of the action of the 
rays, yet we do know that they have a sort of selective affinity for 
pathological tissue. This is not the same for all varieties of jmtho* 
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logical growth, and hence some forms of neoplasm do not appear to 
be influenced by them. 

In the present state of our knowledge, it is more logical nut 
to base a classification on unproved hypotheses. We know that 
X-rajs have a favourable action on certain affections ; we do not 
Itnow why this is so, and the same may be said of many older 
therapeutic agents. 

The Roentgen rays are as yet but imperfectly imderstood ; they 
are diHicult to manage, and their use demands prudence and intelli- 
geiice on the pait of the opemtor. One of the most fundamental 
rules of the prudent physician is never to take a risk where but little 
is to be gained. It would, therefore. Ire aljsurd to apply radio- 
therapy to every slight case of eczema, or jtsoriasis, or varicose 
ulcer. It is by such promiscuous use that the new method is 
prejudiced. The X-rays should Ije reserved for serious cases 
in which other therapeutic measures have failed. It is quite legiti- 
mate to treat epithelioma of the skin by radiotherapy, not only 
because of the uncertainty of all other methods of treatment, but 
also on account of the admirable cosmetic results of I'adiotherapy in 
these cases. Tinea and favus should also be treated by this method, 
because it is the only means of insuring a complete and rapid 
epilation. Ec/ema and psoriasis should be treated by the usual 
therapeutic methods ; only in grave and recurring forms, when all 
other methods have failed, should we turn for assistance to radio- 
therapy. In many cases its use will Ije followed by amelioration 
and cui-e ; occasionally the lesions will remain stationary, or even l)e 
aggravated by the use of the Roentgen rays. 

The phvsician who would engage in the practice of radiotherapy 
cannot exercise too great prudence — a prudence induced not by 
fear, but by wisdom. In the firNt place, he must thoroughly 
understand the technology of the apparatus he employs, and the 
use of the instruments of precision and measurement. Without 
this preliminar)' knowledge he is working in the dark, and only 
courts disaster. In the second place, he should commenci; with 
caution, u.sing only moderate doses. If there is any question as to 
the sensibilitT of the skin, a preliminary experimental in-adiation 
should be given, as recommended by Sch iff' and Freuiid. He will 
gradually become accustomed to the management of the rays, and 
able to adjust the doses reijuired by the various lesions he is 
called upon to treat. 
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It is very probable that he will meet with failures. He need 
not be discouraged, but should note them honestly, and search 
diligently for the cause. Sometimes they result from some defect 
in technique, more often from the nature of the lesion itself. In 
outward appearance this may be similar to others which yield 
readily to the rays, but it may in reality be of totally different 
origin, or under different conditions of development. Further light 
on this subject can only come from careful clinical observations and 
experiment, which alone can furnish us with the precise indications 
for radiotherapeutic treatment. 

In the third part of this book, the clinical portion, we shall pass 
in review the various diseases for which radiotherapy has been 
found useful, and describe the therapeutic results we have met with 
in our own practice. A number of photographic illustrations will, 
it is hoped, render this part of the subject more intelligible to the 
reader. 



CHAl'TER I 

INSTALLATION USED BY THE AUTHOR 

Before proceeding to the stiidv of the affections which are sus- 
ceptible of treatment by radiotherapy, we may rapidly describe 
the technical conditions under which our own chnical results have 
been obtained, and the installation at our disposal. 

The greater part of our therapeutic work has been done in the 
laboratory of Dr. Bnicq at the Broca Hospital. 

We have at our disposal two radiotherapeutic installations, the 
one driven by a coil, the other by a static machine. In both cases 
a Cbabaud focus-tube with Viliard's osmo- regulator is employed. 

The high-tension apparatus is one of Gaiff'e's coils with opeo 
magnetic circuit. This gives a 10-inch spark, and is driven by a. 
battery of eight accumulators, with a current in the primary of 
5 amperes, and a pressure of 16 volts. We use a mercury bi-eak 
of Gaiffe's original pattern, with metallic plunger, with gives 8(X) 
to S,000 interruptions per minute. A regulating rheostat enables 
us to maintain the fretjuency of the break at about 1,600 per 
minute. The output of energy, and hence the wattage in the 
primary circuit, is kept constant by regulating the depth to which 
the plunger dips into the vessel of mercury, and by altering the 
resistance of the circuit. 

The inverse current is arrested by the introduction of a Villard's 
valve into the course of the positive lead. 

The resistance of the focus-tube is measured by means of a 
spintermeter mounted in parallel with it. This has ball terminals 
1 centimetre in diameter. 

A Destot and Williams detonator is introduced into the 

secondary cin-uit in the course of the positive rheopbore. When 

the spark-gap of the detonator is opened, the current passes in a 

ai7 
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continuous stream of sparks. In i.-onse(|uence of the increased re- 
sistance thus obtained, the focus-tube pnxluces rays of greater 
penetration, as may be shown by means of the radiochroniometer. 

The following is a table showing the penetration of the rays 
corresponding to difierent lengths of the equivalent spark. The 
penetration is given in degrees of Ijenoist's chromoi^adJo meter, and 
the table is constructed for the Chabaud focus-tube actually in use 
in our installation : 

Length of tho Penetratioii oa 

Eqaivalcnt Spark. Bcnobt's Scale. 

6 centimetres ... ... ... 9 

5 „ ... ... ... 7 to 8 

4 „ 6 

3 „ ... ... ... 4to5 



White keeping the primary current and the quality of the rays 
constant, we determined the number of Holzknecht units absorbed 
by the skin, at a fixed distance, in a given time. As a i-esult of 
repeateit experiments, we have drawn up the following table, show- 
ing the quantity of radiation absorbed for rays of medium pene- 
tration, Nos. 4 and .5 on Benoist's scale, when the anticathode is at 
a distance of 12 centimetres from the skin : 



Time. 
15 minutes 



30 



No. of Holzknecht'e 
Units uWrljed. 

... 4 to 5 H. 

.. 6to7H. 

... 8to9H. 

... 10 H. 



On account of the position or area of the lesion, it may some- 
times be necessary to place the focus-tube at a greater distance 
from the skin. In this case we may calculate the quantity of rays 
absorbed by applying the law of the invei-^e square of the distance, 
and may verify our calculation by means of a Holzknecht pastille 
placed on the skin. The amount of rays alisorlied in a given time 
is estimated by comparing the pastille with the standard scale. If 
the duration of exi>osure and the distance of the tulje are noted, 
the determination will enable us to give a similar dose on another 
ociaaion. 

By this means we do not need to employ a fresh pastille for each 
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case. The observation should, however, be repeated every eight 
or ten days, so that we may be sure that none of the conditions 
have altered. 

Besides the installation we have just described, we have a second 
apparatus, the current for which is supplied by one of GaifTe^s ten- 
plate static machines. This is rotated by an electric motor, which 
in its turn is driven by a continuous current from the public mains. 
The following are the values on Benoisf's scale of the penetration 
of the rays, employing Chabaud^s focus-tube : 

* 

Length of Penetration 

Equivalent Spark. on Benoist's Scale. 

4 centimetres ... ... ... 7 to 8 

<7 „ ... ... ...vl 

Xt „ ... ... ...^ lO O 

Taking rays of medium intensity. No. 5 on Benoist^s scale, we 
have the following table for the quantity absorbed in terms of 
Holzknecht^s units : 

t;«,« No. of Units 

^™®- absorbed. 

15 minutes ... ... ... 5 to 6 H. 

20 „ ... ... ... 7to8H. 

30 „ ... ... ... 10 to 12 H. 

In our earlier radiotherapeutic treatment, the focus-tube was 
fixed in an ordinary tube-holder designed by Dr, BecUre. This 
was not entirely satisfactory, as one had to use plates of lead to 
shield the patient from the rays. Moreover, it was difficult in 
many cases to bring the tube close up to the patient. We there- 
fore constructed a wooden box covered with lead to contain the 
focus-tube. This was afterwards replaced by the localizer which 
we use at the present time. The apparatus is easily adjustable by 
means of a multiple joint, and an improved clamping arrangement 
ensureis the requisite rigidity. 

Position of the JPatient. 

As a rule it is better to place the patient on a hard couch, so 
that he may remain perfectly immobile. In certain cases the 
sitting posture is more convenient, especially in irradiation of the 
scalp. The patient should be properly supported, so that he may 
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ove. In this resped; the tufre of the localizer in direct con- 
vith the region to be treated is very convenient. My thi 
device Siiljotiraiid secures iui mobility diirinj; the irradiation 
children affected with ringworm. It is important to place thi 
patient in a position which he can conveniently maintain durin) 
the whole time of exposure. 

The diseased region sliould be cai-efully esandned, and tl 
diagnosis if possible confirmed by histological methods. A tracii 
or photograph of the lesion should be taken in every instani 

The parts arotmd the diseased region should Ije carefully shielded 
from the action of the rays, but we usually irradiate an area rather 
larger than the affected surface. By this means any morbid foci 
in the neighbourhood of the diseased patch will be equally attacked. 
The protection of neighlwuring parts is best eff^ected by means 
a lead plate. An orifice, which should be rather larger than 
diseased area, permits the rays to reach the surface which we desi 
to irradiate. 

The sheet of lead should be flexible, but it should be thii 
enough to arrest the superfluous rays completely. Ordinary til 
foil is useless, and so is very thin lead-foil. The ))est 
ensuring the proper thickness is to test the shield with a fluores 
screen. Messrs. Drault prepare leaden shields covered on eith« 
side with a layer of caoutchouc, as recommended by I>r. Bvrlirc. 

In the instninient we now use, the tube of the localizer replaces 
the leaden shield, the patient being no longer burdened by a sheet 
of metal, which is heavy, disagreeable, and difficult to keep clean. 
Before use the tubes may be rendered aseptic by being dip] 
into alcohol and ignited. 

It is of great importance to centre the focus of the rays accurate]; 
with regard to the lesion, and to adjust the anticathode at 
required distance frani the skin. 

The distance should be reduced as much as possible, always 
bearing in mind the law we have already enunciated: 'The distance 
of the anticathode from the skin should not be less than twice 
the diameter of the area to l>e irradiated.'' By this means whi 
treating a plane or (■oncave surface we get an illumination which 
sensibly imiform. Where a convex surface of large extent is to ' 
irradiated, it should be divided into several segments, each one 
which may Ix; tieated separately. 

by the use of our localizer the correct distance of the tul 
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is adjusted mechanically, in consequence of the due proportion 

between the diameter and length of each tube. 

When all the adjustments have been completed, the patient is 

brought into the room, and we proceed with the exposure. 
The time is accurately measured by means of a stop-watch, and 

a gas-jet is in readiness wherewith to heat the osmo-regulator, 

so as to maintain the vacuum in the tube as constant as possible. 

Directly a spark passes in the spintermeter, the platinum tube 

is heated until the sparks cease, when the flame is at once removed. 

Ry this means we avoid all danger of making the vacuum too low 

€iiid the tube too soft, and the constant use of the radiochromometer 

becomes superfluous. In practice the tube is found to get harder, 

ci-nd never softer, during use. 

Radiodosometric Charts. 

In an interesting communication dated April, 1904, Dr. BicUre 
escribed a chart for the registration of the duration and finequency 
f the seances in radiotherapeutic treatment. 

* I have,** he says, * designed a graphic method for facilitating the 

gistration and comparison of radiotherapeutic treatment by 
different practitioners, and Dr. Haret has lithographed the charts, 
^^vhich I submit to your notice.** 

The radiodosometric charts are analogous to temperature charts, 
ivhich exhibit at a glance the temperature variations in the course 
of a fever. They are traversed by vertical and horizontal lines. 
The horizontal distances represent intervals of time, and the vertical, 
the quantities of X-rays absorbed, each division corresponding to 
one Holzknecht unit. The whole course of treatment may thus be 
represented by a graph which usually takes the form of series 
steps, the height of each step representing the quantity of rays^ 
and the breadth the interval between the exposures. I hope in 
future that all repdrts of Roentgen treatment will be accompanied 
by one of these charts. 

On p. 223 we give one of these radiodosometric charts, showing 
the curve of treatment in a case of cutaneous epithelioma. 

It may serve as a model for those who wish to keep a record of 
treatment. It is superfluous to insist on the advantages of this 
chart, and its cost alone has prevented our using it in all our own 
reports. In the following pages we shall not enter into the details 
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of all the cases we have treated, as such a course would be tedious 
and void of interest- We shall only give a resume of the more 
interesting of these. 

The skin diseases which may be advantageously treated by 
radiotherapy may be divided into eight groups. 

This must not be regarded, however, as a systematic classification, 
since all methods of classification are necessarily incomplete. We 
have merely grouped together those diseases on which the X-rays 
appear to exercise a similar effect. 
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TABLE SHOWING CASES TREATED IN THE LABORATORY OP 
DR. BROCQ, AT THE BBOCA HOSPITAL, FROM MAY. 1908, TO 
JDNE, 1904. 
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CHAPTER II 

DISEASES OF THE PILO-SEBACEOUS SYSTEM 

1. The X-Rays as an Epilating Agent 

Ix 1896 the early experimenters with X-rays found that the hair 
was shed on those parts of the body which were exposed to their 
eustion. 

The first observations on this subject were published by John 
Darnel in April, 1896. He noticed that twenty-one days after 
the scalp of a child had been exposed to the rays, the whole of 
the hair was shed without the occurrence of erythema or pain. 
Soon afterwards similar observations were recorded by other 
experimenters. 

From this time epilation by means of the X-rays became a 
legitimate mode of treatment. This method of epilation was soon 
extended not only to cases of disease of the hair and of the hairy 
follicles, but also to those affections in which the hair itself was 
a source of irritation. Later on the X-rays were used in hyper- 
trichosis, where an exaggerated development of the hair itself was 
a cause of disfigurement. 

Finally, the X-rays were employed in all cases in which depila- 
tion was indicated, either for hypertrichosis or for parasitic diseases 
of the scalp and beard, such as favus, tinea, sycosis, folliculitis, and 
blepharitis. 

To Schiff and Freund of Vienna belongs the honour of first 
employing the rays in the treatment of disease. They were the 
pioneers who showed the way to many followers in the therapeutic 
application of Roentgen'^s discovery. 

It was at first much disputed whether the rapidity of epilation 
was in any way affected by the quality of the X-rays. At the 
present day it is admitted that the most active radiations in this 
respect are those which possess the lowest degree of penetration. 
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This must necessarily be the case, since only those rays which hai 
little penetrative power are absorbed in their passage through 
skin. It is better to use those of a moderate degree of penetrati 
however, since the softer rays are apt to produce serious reactli 
We consider that rays corresponding to Nos. S and 6 on Benoisti 
scale are most suitable for the production of depilation. and in tbi 
we are in accordance with SaboiiTatitTs opinion on the subject. 

It is impossible to fix a maximum or minimum for the di.stani 
of the anticathode from the skin, since this will differ according 
the size of the area to be treated. It is evidetit that in order 
obtain a uniform action over the whole surface, the irradiation 
should be the same on each unit of area. To insure this in the 
case of a plane or concave surface, the distance from unticathode 
to skin should be twice the diameter of the area to be irradiated. 
To facilitate the equable irradiation of a convex surfa< 
treated at one exposure must be diminished, or else the distance 
of the tube must be increased, the duration of the exposure b( 
increased in proportion to the s(|uare of the distance. 

It will be interesting to impure into the mechanism of 
shedding of the hair after irradiation. Is it destruction, burnii 
or a sort of withering of the hair by the action of the ray 

As is well known, the hair papilla is very sensitive to the actioifl 
of irritants of all kinds. Probably the irritjition set up by the 
X-rays is concentrated on the papilla itself, and the arrest in the 
growth of hair is a secondary consequence of this irritation. 
Siibourand explains the action in the following words : ' The hair 
papilla is extremely sensitive : any suspension of its function causes 
the death and shedding of the hair itself, and tlie most diverse 
causes are sufticient to suspend its power of producing a hair. In 
the neighbourhood of a boil, for instance, it is not unusual to see 
the shedding of a patch of hair, which however, is soon reproduced. 
In this case the papilla may be said to have undergone a sort of 
teniporai'y withering, and in the same way it may be supposed to 
wither temporarily under the action of the X-rays. This seems to 
be the true explanation of the destructive action on the papillce, 
which gradually lose their function, the hairs responding to the 
slow disintegration by a progressive shrinking and thinning of their 
roots. When the papilla ceases its work of reproduction, the hair 
dies and becomes a foreign body, to be ejected by the surrounding 
tissue. The epidermic tube, which is an inversion of the integu- 



nce 

1 



DISEASES OF THE PILO-SEBACEOUS SYSTEM 227 

mcnt like the finger of a glove, eliminates the hair little by little, 
and is itself eftiiced in the process. After a short time, a dub- 
shaped bud of epithelial tissue is alt that remains of the atixtphied 
follicle. This bud develop into a new papilla, which in its turn 
prtxluces a new hair,' 

One can easily understand that a different technique must be 
employed according as it is desired to produce a permanent 
alopecia or a temporary epilation for the cure of tinea, sycosis, 
or favus. 

Radiotherapy has also a beneficial eflect on the various lesions of 
the skin which accompany diseases of the hair. In the treatment 
of those regions of the body which are specially sensitive to the 
X-rays, great care is requisite in order to guard against the 
occurrence of accidental dermatitis. Wo will now proceed to a 
more detailed consideration of those affections of the hair which 
have proved amenable to the action of the Roentgen rays. 



HtjpertrichoHis. 

Only a few months after Roentgen's discovery. Sihiff" and 
Freund applied the X-rays to the treatment of hypertrichosis. 
From a technical point of view, it appeared vastly su|3erior to 
any of the previous methods for the ti-eatment of this anomaly. 
Depilatories and other topical applications are unsatisfactory in 
their action, and frequently set up symptoms of general poisoning, 
or local irritation of the skin. Moreover, with the exception of 
electrolysis, none of these applications produces a |)ermanent 
alopecia. When a comparison is made between the use of electro- 
lysis and radiotherapy, ail the advantages would seem to be on the 
side of the tatter. By the use of the X-rays a surface of consider- 
able extent may be thoroughly and rapidly denuded, the finest 
down and the coarsest hairs being alike destroyed. Moreover, the 
pain of electrolytic treatment is avoided, a.s well as the scarring to 
which it gives rise. 

For Bcmie time radiotherapy has been considered the ideal 
method of epilation in ca-ses of hypertrichosis. SthiffKad Frcinid 
obtained remarkable success, and the numberless papers which they 
published on the subject testify to their enthusiasm. In 1903 
Freujid thas describes the method he employed with so much 
success: 
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'I use a hard tulie,' he says, 'showing only a faint greenish 
fluorescence. Thin is driven by a 12-inch coil, with a cun-ent of 
2 or 3 amperes and a pressure of 110 volts. The distance be- 
tween the tube and the skin is G inches. The expo! 
short duration, and are repeated daily until the appearance of 
slight discoloration of the skin. The hairs fall out after twenty 
to twenty-five sittings, They are shed en vwmi; and are found 
adhering to the towel after washing. The roots are completely 
atrophied. There is sometimes slight desquamation, accompanied 
by a sensation of burning, but usually the skin remains smooth 
and white. Pigmentation also occurs frequently in patients 
dark complexion. All these symptoms abate in the course of fi' 
to eight days, and the skin regains its normal appearance. 

Freund has observed a curious phenomenon — viz., that tl 
dark hairs become snow-white for some days before they 
shed. 

Unfortunately, in the ti-eatment of hypertrichosis, 
enough to cause the hairs to fall out; we must prevent them 
from growing again. It is well known that the alopecia produced 
by the X-rays is at first a temporary one, and only becomes 
permanent when the reaction has been severe enough to produce 
complete destruction of the hair follicles. Moreover, this destruc- 
tion cannot be produced without a certain amount of atrophic 
change in the integument, with consequent ulceration and scarring. 
Hence we need to seek for a safer way of j)reventing the regrowth 
of the hair. After the X-rays have pi-oduced a primary shedding 
of the hair, a series of shorter exposures, frequently repeated, are 
given, in order to produce a gradual atrophy of the papilla without 
injury to the skin. 

The following are Freuitd's remarks on this subject : 

' If the treatment is not continued, new hairs begin to appear 
a fine down on the surface of the skin in from five to eight 
after the hairs have been shed. In most of the cases we hai 
treated, we have Iwen able to prevent this regrowth by giving 
or two supplementary exposures once a month, after the epilation 
is completed. In all cases in which these supplementary exposures 
have been omitted there has been a regrowth of hair two months 
after the cessation of treatment. To insure a permanent result, 
tlie supplementary irradiations should be continued for a period of 
twelve to eighteen months. It would seem that a very slight 
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irradiation is sufficient to maintain the alteration in the papilla 
which prevents the regrowth of hair. 

* In this way I have obtained favourable results in a large number 
of cases, some of which have had no recurrence after an interval of 
two years. 

' The skin, which is at first tense and slightly atrophic, regains 
its normal appearance in the course of a few months. All that 
remain are a few small white atrophic spots, indicating the 
position of the hair follicles. These also disappear in the course 
of time. 

' The results are most satisfactory when the exposures have been 
just sufficient to produce epilation without any superficial reaction 
of the skin.'* 

Schiff and Freund both speak very highly of this mode of treat- 
ment for hypertrichosis, and assert that they have never met with 
an unfavourable result. Freund^ however, reports the case of a 
young woman of fair complexion who was treated for hypertri- 
chosis of the forearm, with the result that a number of brown 
pigmented spots appeared on the irradiated area, and only dis- 
appeared after the lapse of some considerable time. In the course 
of his practice he has never met with the complications of a 
sclerotic type, or the elephantiasis described by Balzar and 
Mouseaax^ Salomon^ Barthelemy^ Behrend, Hallopemi and Gadeau. 

JutoAsy reports forty-four cases of hypertrichosis, in all of which 
he endeavoured so to adjust the exposure as to be just sufficient 
for epilation and no more. The method he employed was that of 
Schiffaxid Freund, The dose of X-rays was so proportioned as to 
set up chronic inflammation and consequent degeneration of the 
hair papilla. In this way he was able to effect permanent epilation, 
without any regrowth of the hair and without setting up a radio- 
dermatitis. He insists on the need of caution, especially in the 
case of young subjects, who are influenced more readily than those 
of maturer years. He considers, moreover, that patients of light 
complexion react more violently than brunettes. In his experience 
the stronger hairs are destroyed more easily than the finer down on 
the surface of the skin. He agrees with KienbocVs observation 
that reaction is more marked in the centre of an irradiated area, 
and hence he concludes that those rays are the most potent which 
fall perpendicularly. We have, however, shown in a former chapter 
that this effect is really due to the fact that a greater quantity of 
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the rAtltatioii is absorbed by the central portion of an irradial 
surrace. 

Kienbiick is far from being equally enthusiastic, although he 1 
also attained excellent results. In theyeai- 1901 he expressed hii 
self thus : 

' When we are called upon to treat hypertriihosis of the face 
a female patient, we must remember that a single series of expoeui 
will only produce a temporary alopecia, unless a severe dermatil 
has been set up. This should be avoided at all costs, since such 
reaction may I'esult in atrophy of the skin and scarring. In 
generality of cases a (jernianent alopecia cannot be obtained in less 
than a year or so of treatment, during which time the hair may 
lie prevented from growing by repeated irradiations of slight in- 
tensity. This is our only means of avoiding dangerous accidental 
dermatitis. 

'In most cases the cosmetic result of radiotherapy is most sati»-| 
factory, but it is well to be on one's guard against the occurrenca; 
of pigmentation and other affections of the irradiated area whi 
the treatment has been prolonged.' 

In 1909, at the Congress of Berne, A'ifrtioti considerably modi- 
fied these opinions. He thought that only the more serious cases 
of hypertrichosis should be treated by X-rays, since the alopeci 
sometimes followed by a certain amount of atrophy of the skin, 
and in some cases by telangiectasis, pigmentation, and othi 
symptoms of so-called ' late reaction.' 

At the Congress at Grenoble in 1904, he reports : ' Hypertri- 
chosis of the face in female patients should not be treated by 
X-rays. In order to produce epilation and prevent the regrowth, we 
have to set up repeated attac:ks of radiodermatitis of the second of 
third degree. These may result in cyanosis, or finally in atroph; 
of the skin, with pigmentation and telangiectasis. Even aftofj 
a single nonnal exposure of 4 H. to 6 H., cutaneous atrophyl 
may occur as a "late symptom," which may increase for 
months,' 

Holzhuvkt does not speak so strongly, although he acknow- 
ledges the great difficulties which beset the radiotheiapeutic treat- 
ment of hypertrichosis. He says a different technique should be 
employed according as the patient is a young girl o 
maturer years. 

With patients of middle age, after the menopause, a single d< 
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^of 3 H. to 5 H. may be absorbed by the skin. After an interval 
«3f some weeks, a second exposure may be given, and this may be 
T««peated three or four times. 

Shght inflammatory reat-tion follows, the hairs fall out, and after 
"the third or fourth application, a slifrht degree of cutaneous atrophy 
result*. The treatment must then be suspended, and continued 
later if circumstances require it. 

In the case of young girls who present symptoms of hypertri- 
chosis at the age of pubcrtv> Holzkm-cht recommends either of two 
different methods. The first is to give an exposure of 3 H., then 
wait six or eight weeks before proceeding to a second irradiation, 
and repeat the process from five to fifteen times. The second 
itiethod is to treat the case with fractional doses of 2 H., repeated 
every two or three weeks for a jieriod of six months. The treat- 
ment is then interrupted for two months, and the cycle begun 
again. By this means all danger of pigmentation and cutaneous 
atrophy is avoidetl. 

Oudin has published notes of an experiment on a young man in 
whom he obtained a partial epilation of the forearm. Daily 
irradiations were given. On the lirst occasion the length of 
exposure was three minutes, and the duration was increased each 
day by thirty seconds, until a maximum of four and a half minutes 
was reached. The hairs began to fall out after the fifteenth 
exposure, and continued to do so till the twentieth day. Unfor- 
tunately, in consequence of his leaving Paris, the experiment could 
not lie carried further. 

In America, Pusey reports two cases of complete and permanent 
cure of hypertrichosis. The first case, that of a young girl with 
hypertrichosis of the upper lip and chin, was completely cured after 
eighty-five seances. The second patient had sixty-seven applications, 
the only reaction being a slight erythema and pigmentation. 

Satisfactory results have been reported from various countries — 
Germany, England, America. Switzerland, and Hungary. Among 
others, we may mention the names of Ehrmanv, Gninmnfh, Grouven, 
Hahi, l.hy-Dorn, Beivdikt, Sj'ngren and Sedfrliolm, Durnstrey, 
Sharpc, UUmaim, Nevilie Wood, Jamen Startin, Havas, Ijuwashtre 
and Kapoiti, 

Julnnny and K, Miiiich nmde a histological examination of 
sections of the skin of a rabbit which had been subjected to 
epilation by the X-rays. They report; 'The Malpighian layer 
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is separated from the underlying dermis hy a nearly straight line, : 
ouly interrupted here and there by a few follicles, more or less 
deeply embedded in the dermis. For the most part they are 
situated in the superfii'ial layer of the dermis. The lumen is in 
all cases completely obliterated, and cell debris or atrophied 
epidermic cells take the place of hairs. Here and there a few 
follicles penetrate to the deeper layers of the dermis and contaiu 
the dt-'bris of dark-coloured haii-s ; these do not, however, reach as 
far as the papilla. 

'The papilla itself is atrophied. The hairs, which are normally I 
thickly clustered, are here few and far between. The hair follicles J 
are not to be seen, and are replaced by connective tissue rich in I 
cellular elements. 

'In the deeper layers grains of pigment occur. The vessels 1 
here are much dilated and filled with blood-corpuscles, but not I 
thrombosed. 'ITie nerves seem swollen, but are not otherwise J 
att'ected. The most essential alteration apjiears to be the atrophy I 
of the hair follicles and of the papilla.'.' 

Observations similar to the foregoing have been made by Zeiii 

In cases of hyjiertrichosis, some physicians employ a mixed 
treatment, using electrolysis as well as radiotherapy. 'ITius iVahli 
commences with a series of radiotherapeutic exposures, and after 
some weeks, when the hairs are louse, he proceeds to the electrolysi: 
of the hair follicle after extraction of the hair. 

It is difficult to find one's way in the midst of all these observa- 
tions and experiments. It is important, however, to keep the main ] 
object well in view. 

The successful treatment of hypertrichosis must fulfil two con- j 
ditions — the production of a permanent alopecia and the avoidance j 
of cutaneous reaction. 

The depilating action of the mys is efficacious enough, but I 
unfortunately the hairs begin to grow again after a period of j 
some seven to ten weeks. In this respect the new proceduiv is [ 
inferior to electrolysis, and in order to make the former a sui'cess, 
we must discover a means of arresting the new giowth of hair. 
This is the problem which Dr. Brocq submitted to the Societe de j 
Dermatologie in 1902. 'Dermatologists,' he says, 'will be very 
cautious in making use of this method, until X-ray specialists are 
agreed on the precise technique to be employed. We trust they 
will speedily be able to determine the procedure to be followed in 
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order to obtain a temporary depilation in such cases as tinea or 
favus without injury to the hair, as well as the method to be 
employed for the production of a permanent alopecia in cases of 
hypertrichosis. 

At the present time, although we can attain with certainty the 
former of these requirements — i.e,^ a temporary epilation — we are 
not able as yet to pixxluce a permanent alopecia without danger to 
the integument. 

This is the crux of the whole matter. Hypertrichosis is not so 
much a disease as a disfigurement. The patients who ask our 
assistance are mostly young girls or women who have a more or 
less well-developed beard, growing on the face, the cheeks, the lips, 
or the chin. This anomalous and disfiguring growth has a profound 
effect on their nervous system. At any price they ask to be cured, 
and their request is a perfectly legitimate one. The face may be 
restored to its pristine beauty by the destruction of the beard. 
But what if this result be followed by the production of scarring, 
of hyperpigmentation, and telangiectasis ? The appearance of the 
poor woman will be rendered worse than it was before. Even 
temporarily, it is annoying for a woman to have her face dis- 
figured by an acute erythema or hyperpigmentation. The ideal 
result is for there to be no visible reaction during the whole course 
of treatment. Is this result possible ? 

The destruction of atrophy of the hair papilla is a sine qua nan 
in the production of permanent alopecia. It is easy to effect this 
destruction rapidly by setting up a violent dermatitis, but this 
result would be deplorable, since scars, pigmentation, and dis- 
coloration are worse than the hypertrichosis. For this reason 
the irradiation must be a very gentle one, so as only to irritate 
the papilla, to wither it up, and thus cause the hair to fall out. 
Afterwards, when the new haii*s begin to grow, a series of shorter 
irradiations must be given at longer intervals. 

In consequence of this long-continued irritation, the papilla 
becomes incapable of producing a new hair. This is the method 
of Schiffsxid Freund. 

Supposing however, that we can calculate and regulate the 
exact dose, are we certain of being able to produce atrophy of 
the papilla without a corresponding atrophy of the skin ? It 
is well known that the hair follicle is more sensitive than the 
skin, but it is doubtful if there is sufficient difference in 
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this respett to enable us to destroy the one without afTeoting t 
other, 

Sch'iff" and Freund indeed assure us that a permanent cure 
be effected without the production of cicatrices, but this 
involve a course of treatment extending over years. Our owo 
experience and that of many others is not even as encouraging 
as this. It is easy to produce an epilation, hut the hairs invariably 
grow again, and it is fortunate if no accidental dermatitis or pig-' 
mentation occurs in the course of the continued alternations 
epilation and regrowth. One case which we have had under treat- 
meat for more than a year is not yet cured. It is true that at 
each retui-n the hairs are smaller, thinner, finer, and paler in 
colour; still, they recur again and again, to the despair of both 
patient and doctor. 

In the treatment of hypertrichosis then, radiotherapy has n< 
fulfilled its promise. In the present state of our knowledge 
are not in a position to produce a permanent alopecia with any 
degree of cei-tainty, and in certain persons of great sensibility there 
is danger of producing permanent cutaneous lesions which are 
more disfiguring than the hypertrichosis itself. 

Whereas the coarser haira fall out with great facility al 
irradiation, the same cannot be said of the fine, silky down whii 
sometimes covers the face. This is most difiicult to remove. Al 
one time we had under our cai-e a brunette who had a few dark< 
coloured hairs on the chin, which she imagined were disfiguring^ 
We gave a dose of 4 H. to 5 H., enough in most coses to indui 
a complete alojtecia. Instead of this a slight erythemi 
followed by hypcrpigmentation. In the coui-se of one or twi 
months this disappeared, but the hairs remained totally unaffe 

In the treatment of sycosis of the beard, it has often happem 
that we have set up a slight dermatitis following a normal dose 
the rays. Instead of the total alopecia which we feared, the wholi 
beard has grown again uniformly without our being able to di 
tinguish the localities where dermatitis had occurred 

.SaJjotirmtd says that all degrees of radiodermatitis are foliowi 
by alopecia of the scalp, but this is in no wise true of other re^i 
of the body which are covered with hair. 

In cases of alopecia areata, for instance, the X-ravs are often 
used to stimulate the regrowth of the hair. The dose is a very 
small one, in order to produce stimulation rather than atrophy of 
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We will mereiv give details of one case : 

Mme. J, T.. ageil thirty -five, lias Fsuffered for two yeare from liypertrichosis 
*>f [be face. There i» a growtb of hair oii the vhin, on the cheeks, atid on 
"tlie upper lip. 'flje case has been treated by depilatories without suecess. 
'here U a certain amount of aciie, 

From May 26, ii)03, to March, lOOj, she has had seventeen seances, with aji 
^vem^ dose of 3 U. to -1 H. Usually after each seance the hairs fell out, 
'k>ut tbe rejn*owth was tcry rapid. Now aud nf;nin a somewhat pronoum.'ed 
erythema oecurred, but tliiswas not followed by nny more serious reaction. 
Tlie concomitant acne was improved. By degrees the hnirs in each new crop 
tweome fewer, and isolated patches became permanently bold. Even after 
"this prolonged treatment the case is not completely rured. 

Trtcophf/tex. 

In the treatment of hypertrichosis, it is desired to obtain a 
permanent alopecia of a region normally covered with hair; but 
there is no diseased condition, and the treatment is only justified 
from an jesthetic point of view. 

The case is far otherwise when we come to consider the treat- 
ment of tinea. The hairs themselves are diseased, and invaded up 
to their very roots by parasitic colonies, which must all be de- 
stroyed before a cure is possible. 

The usual treatment is by the application of some form of anti- 
septic. Sabourauil wrote some seven years ago : ' Not only is there 
no known cure for tinea tonsurans, but I think I am justified in 
saying tliere never will be a cure of this disease by the use of anti- 
sepsis. We may vary at will the chemical nature of the applica- 
tion we employ, but this will in no way alter their power of 
penetration. They may be solid, liquid, or gaseous, but none of 
them are able to overcome the physical obstacle to their use. The 
root of the hair is inaccessible to external antiseptics." 

What Siihoiiraiid said of tinea tonsurans is equally true of faviis. 
In this latter disease, however, there is a mode of cure which is 
entirely mechanical — viz., epilation of the diseased hairs by the 
use of tweezers. 

In the case of tinea tonsurans, however, the hair is brittle, and 
cannot be entirely epilated by mechanical means. Instead of 
coming out, it breaks at the most diseased part, and the root 
which remains behind contains spores in abundance. The broken 
hair grows, the parasite increases, and the disease continues to 
spread. 
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As Suhouraud, fiom whose article on 'Radiotherapy in 1 
Treatment of Tinea" we quote, says, the only possible solution J 
the problem is the discovery of an agent capable of suspending fl 
a time the function of the hair-producing papilla. 

In oi-der to obtain this, Sabonraud employed a special tori 
T'n fortunately the alopecia which it produced spread, and « 
contined to the spot which was inoculated. 

By the use of acetate of thallium he was able to obt&Jai 
perfect alopecia, but the poisonous effects of the salt obliged li 
to discontinue its use. 

The discovery of the Roentgen rays introduced a comp] 
change in the treatment of all these diseases. 

By suitable irradiation of the diseased surface, more or less c 
plete epilation can be produced, followed by a temporary arrest in 
the production of hairs. We thus obtain a complete clearance of 
the foci of infection, since the hairs which afforded a nidus for the 
parasite have been entirely ex]»elled. 

We must be careful, however, not to produce permanent alopecia, 
and the intensity of exposure must be well controlled so as to 
avoid this. The rcgrowth of the hair is one of the conditions of fH 
successful result. The new hairs will be healthy if the follicle h^| 
previously been thoroughly cleared of all pathogenetic germs. ^H 

These considerations show the real value of the new treatment. 
Alopecia can readily be produced at will by the action of the 
X-rays. The only difficulty has been to render this alopecia 
permanent. In the treatment of tinea we only require a tem- 
porary epilation, and in this the X-rays are a most valuable 
auxiliary. 

It would be difficult to give even a very incomplete history of 
the progress of the treatment. Most practitioners of radiotherapy 
have had more or less successful results. 

As early as 1896 Frcund treated a case of tinea with the rays, 
and in 1900 at the Congress of Paris Schiff asserted that radio- 
therapy was the treatment of the futui-e for cases of favus. Since 
that date numerous cases have been treated in Germany, in Eng- 
land, and in America. In this connection we may mention the 
names of %\emm.ien, Kimliikl; A ibers-.Sehiiiilicrg, Htifm, Grouvni, 
Lion, Xonnnn Walker, Scholtn, Boczar, Bttkofski/, Soeolojf', Puaey, 
and others. 

In Paris the first attempts at epilation were made by Oiulht and 
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' Barthittmy. Their experiments were first made on the normal 
hair of tlie pubis. Subsequently, Ga^oii, Vteira, and Ntcolau 
presented to the Sofit'ti' de liermatologie reports of cases of tinea 
cured by radiotherapy. 

For three years, in collaboration with Dr. Blsscrie, we have been 
in the habit of thus treating all cases of tinea which come to 
Dr, Jirofq\s consultations at the Uroca Hospital. For the last year 
we have followed a method which enables us to obtain a temporary 
alopecia, followed by complete cure in almost every case. 

In the course of 1903 Dr. Sabourmid sent us his assistant, 
//. Xoir^, to whom we showed our technique and its results. 

Following this method. Sabonrauil obtains moat excellent results, 
and the number of cases he has treated has enabled him to fix 
with great precision the rules for the treatment of tinea by the 
X-rays. He has reported his results in the Annals of the Pastt'ur 
Inittitule for January, 1S)0+. 

The fragility of the hairs affected with tinea renders it im- 
possible to epilate these cases satisfactorily with forceps. The 
X-rays, by arresting the growth of the hair papilla, afford a 
perfect means of epilation. 

In tinea tonsurans of the scalp the existence of the lesion is 
chiefly noticeable by the loss of hair, due to the diseased hail's 
being broken off' short at the surface of the skin. This appearance 
is sometimes accompanied by a few squamae and crusts on the 
affected region, the local inliammatory reaction not being of anv 
great intensity. 

Kienbin-k considers a dose of 5 to 7 Holitknecbt units is neces- 
sary and sufficient for complete epilation, the rays employed being 
of small penetrating power. It is true that Si-hiff and Freiiml 
advocated the use of hard tubes, but under these conditions forty 
to tifty applications were frequently required before a cure was 
effected. 

Sabninaiid has recently given the following therapeutic formula : 
* In order to cure a patch of tinea, an exposure should be given 
with a Villai-d focus-tube at a distance of 6 inches from the skin, 
with rays corresponding to \o. 4 of Benoist's radiochromometer, 
and the total quantity absorbed should be 4 H. or o H. in 
Holzknecht units/ By this means we obtain the exact result 
re<]uired — an epilation pure and simple, without any complication 
or del inatitis. 




Our first attempts were made in conjunction with Dr. Blai 
under the influence of the ideas inculcated liy Schiff" and Frvui 
before the introduction of instruments for measuring the dose. 
We gave short seances frequently repeated, and our results were 
consetjuently irregular and unsatisfactory. As soon as we were 
able to make use of instruments of precision, we began to give 
massive doses. We agree with Sabouraud that a seance of twenty- 
five minutes is necessary and eufUcteDt, since an exposure of that 
duration was required to cause the absorption of the required 
dose with the installation at our disposal. 

Let us take for an example the case of a patient affected with 
a patch of tinea tonsurans on the vertex. We place the patient in 
a sitting position, and after having protected the sun-ounding parts, 
we proceed to irradiate the diseased area, including a margin of 
healthy skin at least a centimetre broad. 

lu the early days of radiotherapy the protection consisted of a 
leaden shield, pierced by an aperture rather larger than the le.sion 
to be treated. This was heavy, awkward, and difficult to keep in 
place. We now employ a localizer of our own design, with a tube 
of length and diameter adapted to the size of the patch we are 
treating. Sabourmid employs a similar appliance made bv DraulL 

The rays are of a penetration corresponding to No. 
Benoist's scale. The equivalent spark is 2 centimetres in lenj 
with the static machine, and 2^ centimetres when the other insi 
lation driven by a Huhmkorft' coil is used. 

'llie whole dose of 5 H. is absorbed by the diseased area in one 



on 



;, or at the most in two consecutive seances. This will 



reqinr 



an exposure of fifteen to thirty-Hve minutes, according to the 
distance of the tube. 

No apiiarent modification of the scalp follows this exposure. 
From the sixth to the tenth day after the application a hardly 
perceptible erythema may appear. Some observers consider that 
this occurs in every case, but that it is often overlooked. After 
some days— three or four, according to Sahoiiraiul — the erythema 
disappears, and is followed by pigmentation of so slight a nature 
that it is only observed with great difficulty. From the fifteenth 
to the twentieth day after exposure, the hairs begin to Ik; shed 
over the whole of the in'adiated area, coming out spontaneously, 
or with veiy slight traction. According to some observei-s, they 
become blanched before falling out, and although we have never 
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ohsened this, we have noticed that they occasionally appear 
atrophied, and that all the hairs of the irradiated area appear 
grayer and duller than ordinary. They are burned, sav the 
patients — withered like plants that have been scorched by the sun. 
In the course of a few days the epilation is completed. 
Snboiirand advises a daily washing with soap, followed by alight 
friction with a weak solution of iodine, in order to facilitate the 
proecss of epilation and to insure asepsis of the bared surface. 

During the production of this temporary alopecia, the hairs fall 
out in conKe(|Ufnce of a withering of the papilla, whose function 
of hair production is thus temportirily arrested. The diseased 
hair is expelled from the hair follicle long before a new hair is 
produced. 

Salwuraud thus describes the process : ' Even when the new hair 
grows up soon after the expulsion of the old one, a certain thick- 
ness of the epidermis is interposed between the new and the old 
hair. Thus any para-sitic growth in the diseased hair is prevented 
from contaminating the new hair which grows up underneath Jt, 
the diseased and dead hair being meanwhile expelled by ordinary 
physiological means. In a case of tinea, the diseased hairs, like 
those of the healthy skin, are eliminated by a temporary atrophy 
of the papiil.-e. They shrink little by little, separate from their 
papillip, and are finally expelled.' 

This then, is the method by which a cure is ejected. It is a 
purely mei-hanical action, insuring the destruction of the tricho- 
phyton. The X-rays do not exercise any sort of bactericidal 
action. -\s we have already explained, no such action is possible 
under ordinary therapeutic conditions. The trichophyton is not 
affected in its vitality, but the hair in which it is domiciled is 
expelled. After epilation by the X-rays, the very last debris 
of diseased hair are infiltratetl with living parasitic growth, and 
SubouTitiid found that the cultures made from these debris were 
invariably fertile. 

This explains why the occurrence of reinoculation is so fre- 
quent 'The diseased hairs which fall out," says Sabmiraud,^&re 
admirable spore- bearers. This proves the absolute necessity of a 
constant and careful antisepsis of the scalp, from the moment of 
the first exposure till the epilation is complete and the diseased 
area completely bald." 

Napthol soap may be recommended for this purpose, or, as is 
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done at St. Louis, daily frictious of the whole scalp with tio« 
of iodine diluted with five times its volume of spirit may 
employed. 

If the treatment is successful, the regrowth begins seveu or 
weeks after depilation — i.e., about ten weeks after the first exposure. 
The regrowth is however very slow. We have never failed to 
obtain the regrowth of the hair, but in some cases it has been 
delayed for twelve or thirteen weeks after epilation. In noi 
cases, according to Sahimraud, it should be complete two moni 
after its commencement. 

This slow growth is not in reality a disadvantage, since it givi 
time for the diseased hair to be expelled long before the new hairs 
appear which therefore, run less risk of infection. 

The rapidity of the regrowth depends in part on the sensitive- 
ness of the subject and of the region affected, but still more on 
the ijuantity of X-rays absorbed. The greater the reaction, the 
slower the regrowth. 

This leads us to the consideration of the various complications 
which may occur in the treatment of these afi'ectioiis. We have 
fixed 5 H. as the medium dose for the scalp of an adult. In a 
child 4 H., or even less, will be amply suflicient. Let us repeat that 
the time of exposure is of no importance, but only the quantity of 
rays absorbed. We need to take into account individual variations 
in susceptibility. We have met with patients in whom depilation 
has been incomplete even after the absorption of 6 H., whereas in 
other cases a similar dose was followed by reaction occurring chiefly 
near the centre of the iiTadiated areas. This was followed by the 
appearance of a few pustules and scabs, which however soon disap- 
peared under the application of a 2^ per cent, solution of iodine in 
glycerine. 

When the disease is situated in the beard, it is necessary to 
proceed with great caution. A dose which would be readily boiiie 
by the scalp might set up a serious inflammation of the face, 
which will not however always give rise to alopecia. 

We often notice in dermato logical practice the immunity with 
which the scalp supports the action of irritants which would set up 
serious inflammatory reaction on the face. 

If one may trust the observations of Subuiirand, the oblique 
rays are more irritating to the epidermis, but have a feebler 
depilating power. 'The human scalp,^ he says, 'and especially 
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^liat of infants, presents a convexity of considerable curvature. 

X^f now a localizer-tube of wide diameter is applied to such a 

surface, the oblique rays striking the skin near the margin of the 

<:y Under are almost tangential to the surface. In this situation a 

-traumatic folliculitis is apt to occur, which becomes infected by 

'Uie staphylococci always present on the scalp. Some three weeks 

.cifter the operation, we therefore find a circle of follicular pustules 

surrounding the depilated area.*" This is not a serious complication, 

l>ut somewhat tedious and usually avoidable. 

The oblique rays are certainly not so active as a depilating 
agent. The intensity of action depends on two factors — the sine 
of the angle of incidence and the distance of the point of incidence 
from the source of the rays. There is no reason to suppose that 
the very oblique rays have any special irritative action, it being 
more likely that the staphylococcic infection is due to a local irrita- 
tion set up by incomplete epilation, the dead hairs acting as 
foreign bodies. 

It is advisable to obviate this complication as far as possible by 
reducing the area exposed at each sitting. Sabouraud recommends 
an external application containing sulphur. The following liniment 
may be applied daily by means of a brush : 

Sulphur, prsecipit. ... ... ... 15 grammes. 

Alcohol 90 per cent ... ..15 „ 

Aqua dest. ... ... ad 100 „ 

With a single patch of ringworm the treatment is quite easy. 
We irradiate the diseased patch, including a good margin of 
healthy skin, and a single application will produce an epilation of 
the whole of the affected hairs. In cases where there are several 
well -separated patches the treatment is equally simple. The 
problem, however, becomes much more complex when the whole 
scalp has to be epilated. This may be best done by dividing the 
surface of the scalp into a number of small areas. If it is desired 
to act on the whole of the vertex at once, it will be necessary 
to remove the tube to a greater distance, the time of exposure 
being increased in proportion to the square of the distance. This 
adds considerably to the length of the sitting, during which it is 
difficult to insure the immobility of the patient. 

It is far better to irradiate successively a number of small con- 
tiguous areas. Here, however, a difficulty arises in making the 
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boundaries of adjacent areas coincide, without any inter\'aJ 

overlapping, when the edges would be irradiated either insufliciently 
or too mufh. In the one case the subsetjuent epilation will be 
incomplete, in the other it may give rise to dermatitis. Sahouraud 
finds a difficulty in fitting together the circular patches of epilation, 
which are apt to leave triangular areas between them. It is ea«y, 
however, to obviate this difficulty by employing shields with recti- 
linear openings. Much moix' convenient is the use of the localizer, 
when the lower aperture of the tube may be limited by a rectilinear 
diaphragm. In this case the areas irradiated at each seanc-e would 
be smaller, but it would be much easier to fit them together. 
Kxaet localization and dosage are of great importance. If only 
a few diseased hairs escape the action of the rays, they will form 
foci of reinfection, and if the same area is irradiated a second time 
there is danger of dermatitis, (^n the other hand, if a second 
irradiation is too long delayed, dermatitis will not occur, but one 
risks the production of a permanent alopecia. 

Sahouraud, in his interesting observations ou this tguestion, 
asserts that a permanent alopecia may result, even without the 
occurrence of erythema or radiodermatitis. 

We should therefore be careful to limit the area of exposure 
with the greatest exactitude, to irradiate at one sitting with a 
suitable dose, and to avoid all retouching for a considerable period. 

' Suppose,' says Sobouruwl, ' that one has given an insufficient 
dose — say Si H. — the epilation which follows will be incomplete, 
and a number of infected hairs will remain on the diseased patch, 
necessitating a new exposure. Suppose we give 4J H. on this 
occasion : the hairs which remain after the first irradiation will fall 
out, but many of those already shed will be destroyed and will not 
grow again.' 

On two occasions, while treating ringworm, we have met with 
a curious appearance. After epilation, two distinct zones could be 
distinguished on the bald surface of the scalji. The central zone, 
coiTesponding to the originid patch of tinea, was slightly pig- 
mented, and of a brown colour, whereas the margin of the bald 
area corresponding to the healthy skin remained of a normal white 
colour. In neither case was there any appearance of i-eaction. 

Let us now consider what is the value of thi.s treatment. Is the 
success absolutely certain and the tinea invariably cured, or are 
there any restrictions to its employment ? 



DISEASES OF THE PILO-SEBACEOUS SYSTEM 245 

Sabouraud asserts that the proportion of failures does aot 
exceed 5 to 10 per uent. These are mostly attributable to three 
causes: 

1. An insufficient epilation at certain points, which leaves a 
few diseased hairs m situ. 

2. An oversight in the treatment, leaving one or more small 
islands untreated, an omission which is only observed after the rest 
of the head has been epilated. 

3. Reinoculatton during the counte of treatment. 

Dr. Aiiche in bis refjort to the Medical and Chirurgieal Society 
of Bordeaux in 1904 attributes his failures to similar causes. 

This small percentage of failures is very encouraging. In the 
majoiity of cases a perfect cure follows a complete epilation of all 
the diseased hairs. The great difficulty is to pi-oduce this epilation 
with certainty, so as to make sure that no diseased hairs remain to 
form a foci of reinfection for the new growth. 

In any case patients should be kept under careful observation. 
The regrowth of hair should he watched, and if that is healthy 
we may be a.'^sured that there will be no recurrence of the disease. 

WitJi ail its difficulties, this method is a great advauce on all 
those which have preceded it. It is rapid in its action and |3er- 
fectly painless. It is the only method which insures a complete 
epilation, and it is much to be preferred to any other mode of 
treatment. 

Kadiotherapy enables us also to treat a greater number of 
patients. This is of importance in public institutions such as 
the Ecole LaUler in I'aris. Before the introduction of radio- 
therapy Sabourntid cured fifty-seven cases in a year. By the new 
treatment he obtained 1;ii successful results in a period of six 
months. Moreover, it is no longer necessary to keep the patients 
in hospital, as the daily treatment required is of the simplest 
description. 

In conclusion, we may sav that Roentgen's discovery, aided oy a 
tnethodit^l system of dosage, has completely revolutionized the 
treatment of ringworm. 

We need not enter into a consideration of the cases of ring- 
worm, six in nimiber, which we have treated during the present 
year, as they possess no special points of interest. 

The following is a resume of the technique to be employed : 
A patch of tinea may usually be epilated by the absorption of 
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5 H. by every portion of the diseased area, with rays correspond- 
ing to No. 4 or No. 5 of Benoist's scale. The epilation is usually 
followed by the complete cure of the disease. 



Almost all that we have said of the treatment of tinea tonsurans 
applies equally to favus. In the latter disease the hairs do not 
become brittle, and consequently can he more easily removed by 
the usual means of epilation. 

At first sight radiotherapy would not seem to offer any great 
advantage over the older methods, for the only effect of the rays 
is to produce epilation. Although some authorities assert that 
the X-rays exercise a modifying action on the cutaneous lesion 
this has never been demonstrated. As far as regards any possible 
bactericidal action, it may be put out of the question, for as we 
know, the Roentgen rays in therapeutic doses are totally incapable 
of modifying the parasitic growth. 

Favus is generally disseminated, and only rarely limited to any 
particular portion of the scalp. Fraiiid, who has had a laree 
experience in this disease, recommends the complete epilation of 
the scalp, as the only means of avoiding recurrence. The follow- 
ing is his method : ' We begin by irradiating the vertex, subse- 
quently attacking the sides of the head, and finally the occipital 
region. 'l"he anticathode should be 10 to 12 inches from the 
surface, so that as large an area as possible may be irradiate<l at a 
single sitting.' In his opinion the irradiation for the cure of favus 
should be more intense than is necessary in the treatment of other 
diseases of the scalp. 

After thi-ee weeks' treatment by FieiiiuTa method, the hairs 
begin to fall out, either spontaneously or with very alight traction. 
On separating the remaining hairs, a slight erythematous blush 
may be seen on the surface of the scalp. During another fortnight 
the alopecia gradually increases till it becomes complete. If there 
ai-e any favus depressions on the irradiated area, they exfoliate, 
discharge, and heal in the course of ten days or so. After a 
time the surface appears smooth, bald, and shining like a billiard- 
ball. 

The hair begins to grow again from six to eight weeks after the 
termination of the treatment. A fine down first appears, which 
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grows stronger little by little until it assumes the appearance 
of the adult hairs. 

In the majority of cases the regrowth is perfectly healthy, and 
the case may be considered cured if there is no return of the 
disease within the next ten weeks. 

In rare cases a slight recurrence may necessitate another short 
series of irradiations. 

When relapses occur, must we regard them as due to imperfect 
epilation, to infection of the neighbouring parts, or to the presence 
of the parasitic growth in the follicles ? 

Torok and Schein consider that the recurrence is caused not so 
much by spores lurking in the follicles as by a reinfection from 
iN^ithout. They agree with Freund in recommending the complete 
epilation of the whole scalp. 

The surface of the scalp must also be kept in a thoroughly 
aseptic condition. This may be done by the use of the diluted 
tincture of iodine, as recommended by Sabouraud in cases of tinea. 
It is perhaps preferable to use carbolic acid, which has been found 
by Calderone to be most destructive to the fungus of favus. A 
useful application is the preparation of carbolic acid in lanoline, 
recommended by Freund, 

llie scalp should be massaged night and morning, and the 
ointment well rubbed in to all the bare spots. This treatment 
should, however, not be commenced till all signs of reaction 
have disappeared. 

In this way Freund has cured several obstinate cases in the 
course of a few weeks. Some of his cases have not recurred after 
the lapse of two or three years. If there is some recurrence, in 
spite of the carbolized applications, we must give a second series 
of irradiations, proceeding with great caution, as any violent 
reaction will lead to permanent alopecia. 

In summing up the advantages of this method, Freund con- 
siders that it acts principally by depilation, but that in addition 
the rays exercise a stimulating action on the hair follicles, modify- 
ing their nutrition, and causing destruction of the cells which 
harbour the parasite. This is only a hypothesis however, since 
no precise histological observations have as yet been made. 

In 1892 Gaston and Vkira epilated the scalp of a patient suffer- 
ing from favus, with successful results. 

SchoUz has alsotreated a few cases of favus. He denies any 
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bactericidal actian of the rays, but admits a posHible Cavourable 
influence on tlie concomitant cutaneous lesions, and avoids any 
ioflauimatory reaction in the course of epilation. He has, however, 
never met with a case of permanent cure by the Koentgen rays. 
* We have repeated our experiments again and again,' he says, 
'and we have always found diseased hairs among the new growth 
even aftor a total depilation of the scalp.' He recommends a sup- 
plementary course of treatment of a very energetic character with 
carbolic or pyrogallic preparations, chrysophanic acid or ehrysa- 
roliin. Unfortunately, even with these precautions thei-e is often 
a return of the disease, and it is necessary to make another series 
of expaiures in order to hinder the regrowtb of diseased hair. 

Hokkneckt recommends the epilation of the whole scalp, since 
if any )iortion is left untreated there is sure to be a relapse. He 
prescribes a dose of 4 H. or 5 H. at a single sitting. He finds 
a most marked reaction over the whole of the inHamed areas, 
characterized by irritation of the cup-like dejiressions, erosion, and 
desquamation, complete resolution oamrring in three weeks after 
the commencement of the treatment. 
Kietibiick describes his method thus: 

' We epilate the entire scalp in a single sitting. The whole 
head is divided into six areas, which are irradiated successively, for 
a period of five to eight minutes each, with an absorption of i H. 
or 5 H. After a latency of ten or twelve days the hairs begin to 
fall out. the patches of mycosis and of eczema begin to inflame, 
and the i-eaetion, although occasionally limited to simple swelling, 
usually attains to the second or third degree of intensity, with 
erosion arid exudation. After six weeks the hail's begin to re- 
appear, those parts which have become atrophied by the mycosis 
remaining bald. After three months the head is covered with 
healthy normal-coloured hair, and there is no return of the disease. 
' In our opinion radiotherapy represents by far the best treat- 
ment for mycosis favosa. In the more serious cases it is the only 
ti-eatment, and the disease may be cured speedily and painlessly by 
a single exposure.' 

At St. Lunis, S'aboitraud employs the same treatment for 
favus as for tinea tonsurans. At the ]<icole Lailler he treats 
cases of tinea and of favus side hv side. ' Both diseases,' he says, 
* are amenable to the same ti-eatnient, which lasts a few weeks 
only, in place of the years re^uucd under the old method.' 
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Ptmey and others do uot attach much value to this method, and 
consider that the results do uot answer to our expectations. 

WUliamt, \orinnii IFrt/Arr, Lion, Grouwn, Huhn, Xeumann, 
Z'u!ma»en,Albera-Schi>iiberg, Spitgkr, Btx:iur, Bukofsky, and others 
have obtained more or less satisfactory results. 

In cases of tinea tonsurans the treatment i^^ facilitated in pro- 
portion to the limited extent of the lesion, and the cure is much 
more certain when the disease is localized. 

Favus, on the other hand, invades a large part of the scalp, and 
to obtain a successful i-esult it is necessary to epilate the whole of 
the scalp, and this requii-es both time and patience. 

In tinea moreover, the parasite is localized in the hair itself, and 
it is natural to expect that its total expulsion will cure the disease. 
In favus, on the other hand, the achorion occupies not only the 
hair, but the neighbourhood of the follicle, and sometimes the 
follicle itself. Thus epilation alone is often insufficient to ensure a 
complete cure. Antiseptic treatment is required to supplement 
the epilation, since the X-rays themselves are not bactericidal 
under therapeutic conditions. 

This invasion of the follicle by the fungoid giowth explains 
why the result is the more certain the longer the duration of the 
alopecia. The longer the alopec'ia the less likely is the new hair 
to encounter a pathological germ during its growth, in which case 
a recrudescence of the disease would be inevitable. 

In Kpite of these drawbacks radiotherapy is the best treatment 
for favus, and especially for those severe cases where other means 
have proved ineffectual. 

Besides their depilatory action, X-rays have a beneficial effect 
on the favus cups and the concomitant dermatoses. A few days 
after irradiation the irritation is accentuated, new depressions 
and crusts appear in situations hitherto apparently healthy, and 
sometimes even slight erosion occurs. Soon, however, all this calms 
down, the crusts fall off, and the scalp becomes bald, with no 
apparent lesion. 

If the exposure has been of proper intensity, there Is a normal 
regrowth of hair, as in cases of tinea tonsurans, with this diflerence 
however, that there is no return of hair in the cicatrices of the 
primary lesion. 

The dose necessary for epilation in a case of favus is the same as 
for a case of ringworm^viK., 5 H. 
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We have ourselves had a completely successful result ii 
of fav-us. In this instant-e the lesion was limited in extent, i 
epilation was followed by a perfectly healthy growth of hair. 
Some cases still under treatment have been greativ improved, and 
we expect to get in these also a. completely favourable result ^M 

SycoHtit ami Folliculitis of the. Beard. ^B 

Schijf&nA FreiiTul were the first to use radiotherapy in the treat- 
ment of sycosis. They were led to employ it on the supposition 
that a cure would follow total epilation, since they considered that 
the hairs themselves acted as irritants. By removing them they 
hoped to eliminate the cause of the inflammation, which extended 
to the walb of the glands, the .skin and the hair follicles. 

In practice Freund considers that there are two principal factors 
— the character of the diwase, and the extrinsic condition of the 
patient. 

When the lesion is widespread, with purulent pockets under the 
skin, only a small number of exposures should be given, usinjf a 
hard tube. These are sufficient to induce a notable amelioration. 
The infiltration diminishes, the pustules dr\- up, the pruritus and 
tension of the skin are diminished, and the surface of the skin 
assumes a deep-red colour. 

The lesion may assume another form, consisting of small red 
pimples around the hair, with a few pustules here and there, as in 
the folliculitis barbae, or acne pilaris of Besnier. In this case the 
patient should if possible shave oft' his beard and remain without 
one for some time. For this purpose a series of irradiations is 
given, so as to procure a complete alopecia, which is mainbiined if 
necessary by a few supplementary exposuit-s. As the skin is much 
more sensitive than usual, it is advisable to act with caution in 
order to avoid reaction. 

On the subsidence of inflammatory reactive symptoms, the 
depilated surface should be treated with a 15 per cent, sulphur 
ointment. 

In 1901 Freimtl had already treated seventeen cases of sycosis. 
Five of these were completely cured by a single series of exposures ; 
in five others a second series was required ; in one case only was a 
fourth series found necessary, 

Gtuilou, Vkira, and Xkolitu obtained complete epilation after 
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eleven stances. In no instance did excessive reaction take place. 
The cases were quickly cured, but there was often a recurrence 
after some time, which usually yielded to a second series of 
irradiations. 

Scholts has seen cases of slight sycosis permanently cured hy the 
X-rays. In severe and inveterate cases there wa3 generally a re- 
currence of tlie disease when the new hairs began to grow, A 
long course of treatment is indispensable, and after some weeks' 
interval a second series of exposures is Tec|uii-ed to delay the re- 
growth, or even in some cases to permanently destroy it. 

Francois of Valenciennes cured a case of sycosis with three 
exposures, with a duration of ten minutes on each occasion. The 
focus-tube was placed at a distanre of 10 inches, and was driven 
hy a static machine. 

A'ienbi'ck proceeds in the following manner: When the whole 
of the beard i^ affected, the irradiation is given sui'cessively over 
four distinct areas — the right cheek, the left cheek, the lips, and 
the chin. The tube should not he plaied too close, as this would 
produce unequal epilation, and perhaps some permanent alopeiia 
of the beard in places. 

The normal do!^e of S H. to 5 H. is given, and the mucous mem- 
brane of the lips and the bare portions of the face should be care- 
fully covered by a metal shield. After a latent period of seven 
days the epilation commences, the inflammatory symptoms increase, 
the small abscesses around the haire are evacuated, and after a time 
the skin heals completely. When the hairs begin to gi-ow again, 
about six weeks later, the heard should be shaved, and this should 
be continued for many months. The results are least favourable 
in those cases where an irritation is kept up by some external cause, 
I as, for instance, a chronic rhinitis. 

//oMviff/*( advises the irradiation of the whole of the affected area 
which is covered with hair. He recommends a dose of 13 H. to 5 H., 
according to the case, and tells the patient not to shave for a time. 
At the end of a week the irradiate*! area becomes more inflamed, 
the existing pustules rupture, and new ones appear. A complete 
alopecia follows, after which the skin regains its normal tispect. 
Regrowth begins to appear after about two months, hut the patient 
should continue to shave his heard foi 
often occur, especially if the inflammation ii 
rhinitis producing sycosis of the moustache. 



Relapses 
s kept up by extrinsic 
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William.i, fMittashire, Grouvcn, Gaaiimann and Schenkcl, Sp'ieghr, 
Lion, and others, have had successful results with this method. 
Puea/ speaks very highly of it. 

In his work on radiotherapy UUmann considers that this method 
is indicated when the sycosis is superficial ; hut if there are sub- 
cutaneous abscesses, the penetration of the rays is insufficient. 

As in favus, the principal effect of the X-rays on sycosis is due 
to its depilatory action. The method is preferable to depilation 
by means of forceps, both on account of the rapidity of its action 
and its freedom from pain. In addition to their depilating action, 
the X-rays have an influence on the skin in consequence of the 
intlanimatory reaction which they set up. In many cases moderate 
irritation exereises a beneficial effect, and the irradiated pustules 
dry up and disappear. Thus, when the lesion is slight, the disease 
located around the hairs, and the infiltration limited in amount, 
radiotherapy is a valuable means of treatment. 

It may be employed even when the follicles are attacked, and 
the dermis is more or less thickened. It will not, however, enable 
us to cure case.1 where deep-seated purulent abscesses exist, with 
considerable infiltration of the skin. 

Moreover, these lesions are exceedingly irritable, and the po,«si- 
bility of serious dermatitis should render the practitioner very 
cautious in treating such cases with X-rays, and make him very 
reserved in his prognosis. 

It is well not to demand of radiotherapeutic treatment more 
than it can [>erform. It is a depilating agent ; it is, if you will, a 
cieatriziug agent and an absorbing agent, destructive to staphylo- 
coccic growth; but it will not cure extensive purulent collections. 
No one has ever claimed for the X-rays the faculty of absorbing an 
abscess, or taking the place of the bistoury. 

At the Broca Hospital we have treated several cases of sycosis 
and folliculitis of the beard, some of them affecting the whole of 
the hairy surface, while others were localized on the cheeivs or upper 
lip. The results were, on the whole, favourable, and certainly 
more rapid than by ordinary methods. In all these cases the 
integument was infiltrated, but there were no great purulent accu- 
mulations, although most of the follicles were affected. In one 
case the disease had already continued for a year, and the patient 
complained of intolerable itching and smarting. The irradiations 
were so proportioned as to produce complete epilation without der- 
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matitis. The dose varied from 3 H. to 5 H., according to the state 
of the skin and the situation of the lesions. 

The epilation was affected more easily where the lesions were most 
marke<). In some instances a second apjilication was necessary 
after fifteen or twenty days, in order to complete the epilation. 
Usually the hairs begin to fall out in from twelve to fifteen davn, 
and this may be accompanied by erythema, varying in degree 
according to the intensity of irrailiatiun. As soon as the hairs fall 
out, and sometimes even before this, the pustules are altered in 
appearance. The scabs fall off", and there may be some slight 
weeping. The discharging purulent surface drys up and heats, and 
the skin regains its normal state, with the exception of some brown 
coloration, and a marbled appearance which is usually more or less 
app>arent. At the same time, all symptoms of pain and itching, 
which had diminished from the very commencement of the treat- 
ment, entirely disappear. At this stage it is useful to prescribe 
sulphur or ichthyol applications, and in obstinate cases a new ex- 
posure of 2 H. or .'i H. may be given to retard the new growth. 
Occasionally fresh foci of disease make their appearance, especially 
if the alopecia has been of too short a duration, and these will 
require a second course of irradiation. Uecurrence is common 
under all varieties of treatment. Even epilation by means of 
forceps, which is both tedious and painful, does not entirely 
obviate it. 

Dermatitis occurs with great facility in these cases, and is to be 
studiously avoided. The tissues are badly nourished, infiltrated, 
and infected, and hence are much less resistant to injury of all 
kinds. Uader a full dose, and sometimes even with a moderate 
dose of the X-rays, the skin breaks down, the epidermis peels 
off, leaving a large weeping surface, red in some places, yellow in 
others, covered with crusts, and bathed with a serous or purulent 
discharge. In spite of this, a few hairs will often remain attached 
to the skin as a proof that the epilating dose has not l>een ex- 
ceeded. This condition is embarrassing, but is not followed by 
any permanent injury. The process of healing sets in rapidly, 
and is completed without visible scarring. It is often difficult to 
determine from the aspect of the patient whether the reaction is 
a tme radiodermatitis or a mere exaggeration of the pre-existing 
inflammation. 

We should take every precaution to avoid this dermatitis, as it 
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is apt to be followed bj patches of permanent alopecia, which are 
very disfiguring and a great annoyance to the patient. 

If there is much reaction, we must wait till this has completely 
abated before proceeding with the treatment. 

According to Freund^ radiotherapy may also be employed with 
success in the treatment of chronic sycosis, with nodular infiltration. 
The X-rays produce an epilation which is followed by a consider- 
able diminution and flattenincr of the nodules. The results we 
have obtained in the treatment of keloid confirms FreimcTs obser- 
vations. 

We cannot say much as to the question of recurrence, which is 
not infrequent, although a second series of exposure is generally 
sufficient to cure it. In cases of persistent recurrence it may become 
necessary to produce a permanent alopecia. This, however, is a 
proceeding which requires the exercise of the greatest care and 
patience. 

Freund considers that the beneficial effect is entirely due to the 
suppression of the hairs by the depilating action of the rays. Others 
have imagined that the X-rays may in some way facilitate the 
entrance of medicaments into the follicles. Freund however does 
not agree with this view. The mechanism of the cure, in his 
opinion, is, * that the epilation removes the irritation of the foreign 
body which keeps up the inflammation of the follicle."* Herein 
lies the advantage of radiotherapy, which keeps up an alopecia of 
longer duration than that obtained by ordinary epilation. 

In conclusion, we may say that in the treatment of sycosis the 
X-rays produce a complete and painless epilation. They also 
•exercise a beneficial action on the cutaneous lesions due to staphy- 
lococcic infection, either by direct influence or by suppressing the 
hair which acts the part of a foreign body. 

Case I. — M. L., aged twenty-five. Sycosis vulgaris of the beard of two 
years' duration^ involving the cheeks and chin. The patient complains of 
terrible sensations of burning and itching. The skin is red and covered with 
crusts^ each hair being sheathed by a tiny abscess. There is general infiltra- 
tion of the skin over the whole diseased surface. The patient has been 8ul>- 
jected to various methods of treatment without result. 

January 18, 1904. — Exposure of 5 H. on the right cheek. Quality of rays 
No. 4 or No. 6. 

February 3. — The epilation commenced on the side which has been treated. 
The skin is red ; the folliculitis continues. 

An exposure of 5 H. on the left cheek. 
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February 17. — ^The epilation is complete on the right cheek. The pain 
and itching have disappeared completely. The infiltration of the skin has 
diminished ; the pustules have disappeared^ leaving only a few crusts ; the whole 
skin is deep red^ and has a marbled appearance. Epilation has commenced 
on the left cheek. 

An irradiation of 4 H. to 5 H. is given to the chin. 

From February 18 to April 27. — Six seances have been given^ with an ex- 
posure of 4 H. to 5 H.J on each of the affected areas. Epilation is completed 
over the whole surface. There has been a sharp reaction on the chin over a 
small area^ where numerous crusts were to be seen before the commencement 
of the treatment. Here slight ulceration occurred^ and the wound became 
impetiginous, but this has speedily subsided. 

May 11. — ^There is no reaction except on the chin, which is cop])er-coloured. 
The healing is almost completed without any scarring. Everywhere else the 
4iUTe is complete. The patient is much pleased with the result. 

May 30. — The patient is well. On the right side the hairs are beginning 
to grow, the regrowth being perfectly healthy. All morbid appearance has 
completely disappeared. 

In July, when the patient was again examined, there were no traces of the 
disease left. 

Case H. — M. B., aged twenty-six. Sycosis of the beard of four years* 
duration, with alternate periods of amelioration and aggravation. At the 
present time the lesion is exacerbated, and the itching is violent. 

From March 24 to April 26, 1904, the patient had four seances, with a 
dose of 4 H. to 5 H. on each diseased area. The rays were No. 4 or No. 5 
on Benoist's scale. 

On one cheek the reaction was very marked. The epilation is complete all 
over the irradiated areas. The itching has abated, llie skin has regained a 
normal appearance, though still coloured deep red. 

At the beginning of June the patient was seen again. The hair had begun 
to grow at certain points. The growth was healthy, and the skin of the face 
had regained its normal colour. The patient was cured. 

Blepharitis, 

Whilst treating cases of sycosis, eczema, or acne of the face, 
Freund noticed on several occasions that concomitant blepharitis 
was speedily cured 

In collaboration with Schiff^ he published the first case of this 
affection cured by X-rays. It was a case of blepharitis occurring 
in a patient who was under treatment for sycosis. He has since 
treated three cases of the disorder. Whether the lesion be a 
jsimple inflammatory ulceration or a squamous eruption of the 
«dges of the eyelids, it is speedily cured by a few exposures with 
a hard tube. The crusts are detached, the excoriations are cica- 
trized,, and the skin becomes normal without the shedding of the 
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eyelashes. No application of tnedicamcnts is required, and I 
catarrhal conjunctivitis rapidly improves as soon as the blepbaritt 
is cured. 

We have not as yet had occasion to treat a case of blepharitild 
by this means. We should be inclined to give a smaller doe 
uf 3 H. only on Holzknecht's scale, and to employ rays of slig^ 
penetrative power. 

The cornea is but little sensitive to the action of the X-rays (, 
this should favour successful treatment. It seems remarkable tbaftl 
in Fremtd's case i-esolution should have occurred without the slied-j 
ding of the eyelashes. 

Even if these had fallen out, it would not have mattered, 
their regrowth is almost certain, and a temporary alopecia might] 
have even hastened the cure of the blepharitis. 

Trfchorrhexla Nodona. 

Freuml treated an obstinate case of trichorrhexia nodosa of 
many years' duration by means of the X-rays, He gave tweU-e 
seances of seven to ten minutes each, which were followed by i 
slight erythema and a partial shedding of the diseased hairs..J 
\Vhen the hairs began to grow again Die cure was complete. 

Probably in this disease the X-rays act merely as a depilating^l 
agent. Sabnuraiid has shown that in many cases of trichorrhexu J 
the disease is kept up by the use of soap, and that a cure results J 
from the mere su))prcssion of its use. 



9.. Diseases in which the X-Rays have a Stimu- 
lating Effect on the Hair. 

Alopecia. 

On November % 1900, Kienbikk presented to the Medicalfl 
Society of Vienna the first sua^essful case of alopecia treated byS 
X-rays. The case was that of a man, twenty-six years of 8g« 
who had lost the whole of his hair three years before. The uppefl 
part of the head only had been treated with six applications of thai 
X-rays each, of fifteen minutes' duration, the tube Iteing placed at I 
a distance of 8 inches from the skin. The yellowish down which ] 
covered the whole scalp rajiidly fell out from the irradiated areas, 
and at the end of two months a normal growth succeeded. Tbe J 
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alopecia persisted on those parts of the head which had not been 
irradiated. 

On December 7, 1900. Hohknecht published a similar case, 
which was cured by five apphcations of ten minutes' duration : the 
centre of the tube being at a distance of H inches from the skin. 
The success of his first attempt encouraged him to repeat the 
treatment in other cases. The results, although not uniformly 
successful, were on the whole encouraging. 

He describes two distinct methods of treatment. Each patch 
may be treated sepaiately, taking care to irradiate an area rather 
larger than that covering the lesion, antl protecting the rest of the 
scalp by a lead mask. Or the whole of the scalp may be irradi- 
ated, without regard to the healthy regions. 

Each of these methods is applicable to different conditions. If 
the lesions are confined to one or two patches of small extent, it is 
of course better to treat the patches exclusively. Even when the 
disease is widespread, but is surrounded by a margin of healthv 
hair, it is preferable to limit the exposure to the diseased patches. 
As the result of experiments made by Hohknecht, it wivs found 
that in'adiations confined to the diseased surface were more efBca- 
cious. When, however, the number of patches is considerable, 
and we suspect the existence of latent foci of disease, the whole 
scalp must be attacked if the case is to be treated with any pros- 
pect of success. 

In all his cases Hohknechfs aim is not to exceed the first degree of 
inflammatory reaction, which is the production of simple hypertemia, 

For alopecia of the beard, from li H. to 4 H. should be given, 
and from 4 H. to 5 H. for alopecia areata of the .scalp. Some 
cases are greatly ameliorated, but others prove refractory to all 
treatment. Freiivd obtained good results by following Holz- 
hifchf.i method. Kienbiick says : ' In certain cases alopecia areata 
may be cured by radiotherapy. Each focus of disease should be 
irradiated in turn, and a normal exposure of !3 H. to 4 H. is in 
most cases sufficient. At the end of a fortnight the hair on the 
margins of the affected area is shed. After four to six weeks — 
i.e.y two to four weeks after the epilation — a growth of hair com- 
mences on the bald patch, and this is quickly followed by a 
regrowth of hair on the healthy margin surrounding the patch. 

Radiotherapy has proved i^uite ineffectual in those severe cases 
in which the head is completely bald and smooth, without any 
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trace of lanugo, and where the eyebrows and beard are alat 
affected. 

iVilliams considera that X-rays are lapable of stimulating I 
growth of hair. He reports the case of a patieut who was rapidl^ 
losing his hair, and who insisted on being treated by the X-rays, ' 
although he wa.s told that the remainder of his hair would pro- 
bably fall out. A total alopecin resulted, but this was followed 
by an abundant new growth, and the final result was most satio-^ 
factory. In another case of alopecia ai-eata, radiotherapy 
attended with good results. No reaction occurred with the exca 
tion of a slight erythema. 

Foreign authoi-s report contradictory results. In j^pite of tin 
fact that fts long ago as 1901 Holzknecht formulated the rules fo|i 
its employment, this mode of treatment for alojieda has m 
little progress. 

In his recent work Ulliianiv cites some instances of undoubtc 
amelioration resulting from mdiothcrapeutic treatment. 

When Kienhoek made his first communication, Kaposi 
not admit that the results were due to the action of X-rayj 
' All modes of treatment,' said he, ' are successful, when they i 
adopted just before the occuiTence of a spontaneous cure," Xo 
pointett out that KieiibiirVs patient showed the clearest signs a 
the curative action of the rays. KUnihiirk also argued that it wuj 
impossible to deny this action, since the new growth was confined 
to the spot which had been irradiated, and the alopecia in tin 
neighbouring areas had not been modified. 

The demonstration in this case appearrj to be conclusive, and t 
fact that it does not accord with our preconceived notions does c 
in any degree diminish its value. 

At first sight it may seem contradictory that the same agenS 
will in one case cause the hair to fall out and in another cas 
favour its regrowth. The contradiction, however, is only apparentJ 
as the result depends on the amount of I'ays absorbed by the hai 
papilla, and the conseijuent infiammatory reaction. It is evidet 
that if this factor is varied the result will be altered. 

At first the beneficial effect of radiotherapy was attributed to i 
destructive action of the rays on the mycotic growth, which cauS 
alopecia areata. Fnuiul opposed this hypothesis. 

To begin with, it has not been proved that the disease is invai 
ably caused by a pathogenic micro-organism. Even if this is s 
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Ls been shown that the X-rays in therapeutic doses do not 
ise a bactericidal effect. We agree with NohhuTht : ' The 
of these infectious processes cannot be due to the destructive 
n of tlie Roentgen rays, since the bactericidal dose is enor- 
mously greater than the curative dose.' It is probable that the 
true cause must be sought in the hyper^mic reaction, lliis is the 
view of Stkiff, Ficuiid, Ehniiami, and Hohkiucht. 

The usual treatment of alopecia consists in the application of 

lore or less irritating remedies. They are supposed to stimulate 

le functious of the papilltc and the surrounding tissues, while 

ucing a slight irritation of the skin. In this way they favour 

regrowth of the hair. Unfortunately all these chemical agents 

have a very superficial action, and penetrate with difficulty into the 

■deeper layei-s of the skin. For this reasoii Finsen and Jersild 

endeavoured to make use of the chemical radiations of light, so 

that the irritative action should not be (.■onfined to the surface 

■of the integument. They had some interesting results, one of 

which was veiy conclusive. In this case a series of photothera- 

peutic exposures set up a slight reaction of the skin, which was 

followed by a rapid new growth of hair. 

We have met with similar results in our own practice. In one 
1 case, that of a young female patient, a series of phototherapeutic 

^^^v applications produced a rapid growth of hair on the irradiated 
^^^H Surface. Where the compi-essor of the Finsen apparatus had been 
^^^Bjin contact with the skin, the line down of the cheek was replaced 
^^^^^^y long coarse hairs. 

^^^^B It may be supposed that the X-rays act in a similar manner. 
^^^^PlVe know that the hair |>apilla is particularly sensitive to this 
^^^^ agency. With a sufficient dose we get a withering action on the 
papilla, and a subsequent alopecia. With a smaller dose we 
obtain stimulation, which is followed by an increased growth of 
hair. 

According to Hohkiwchfs observations, it would appear that the 
phenomena of reaction on an area afl'ected with alopecia differ fi-om 
those which occur in a region normally clothed with hair. Thus 
an area affected with alopecia is more quickly covered with new 
hair than a healthy region which has been similarly treated. In 
the patch of alopecia the papiihe seem to be stimulated to imme- 
diate activity by the exposure, as if some obstacle to their growth 
iiad been suddenly removed, whereas in the previously healthy skin 
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the new gi'owth does not commence until the papillae have recovered ' 
from a temporary- inhibition of their funL-tion. In like manner the ' 
redness due to an irradiation is more pronounced on an areaatfected ^ 
with alopecia than on a healthy portion of the scalp which has 
been similarly treated. 

This may be due to the fact that the papillie affected with i 
alopecia are less easily irritated than those in a normal condition. | 
Hence a dose which will wither a normal papilla will only slightly j 
initate the one which is diseased, will raise it from a state of J 
torpor, and determine a new growth of the hair. 

Whatever the explanation, the results appear to be due to » I 
process of stimulation — a stimulation probably of a chemical I 
nature. 

As Hohknecht has pointed out, the method of application will 1 
vary according to the nature of the lesion. If the lesion is pro- I 
gressing rapidly and has attacked a considerable portion of the I 
scalp, it is better to irradiate the whole of the scalp. In this case 
the new growth will not ap|x;ar as (]uickly, but any latent foci will 
be attacked, and the cure will be more complete. On the other 
hand, if the diseased spots are limited, it is better to irradiate each 
patch separately. 

The rays should be of moderate penetration, corresponding to j 
No. 4 or No. 5 of Benoist's radiochromometer. The total quantity] 
absorbed by each patch should be such as to produce the first 1 
degree of radiodermatitis, consisting merely of a slight hypertemia. f 
This quantity will be about 3 H. or 4 H. There should he i 
interval of fifteen days tjetween the seances. 

The dose is not invariable, for it is well known that a similM: 1 
quantity may produce different degrees of reflection in different J 
regions of the body. Tlie scalp appears to be but slightly sen- 
sitive, whereas the skin of the face is very irritable, the reaction I 
varying in intensity with the delicacy and fineness of the intern- J 
ment. This fact should be borne in mind when treating ci 
alopecia of the Ixianl. 

The principal technical point to be attended to is the produc- 1 
tion of an equable iiTadiatitm of the whole aftected area. ThuJ 
may be accomplished by remembering the rules we have already I 
laid down. 

What are the cases of alo[iecia in which we may hope for good I 
results from radiotherapcutic treatment F The hair follicle mm" 
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have retained its integrity. If the alopecia is the result of a severe 
attack of favus, or of a lesion which has destroyed the follicle, it 
is evident that the X-rays can have no effect. As regards alopecia, 
the result of specific disease or of seborrhoea, we have had no 
experience. It is probable however, that seborrhoeic alopecia may 
be amenable to treatment by this method. 

It is, however, in true alopecia areata that radiotherapy is most 
useful. Experience shows that different results are obtained on 
patients suffering from apparently identical lesions. Some are 
improved, others remain stationary, and it is impossible a priori to 
determine how a given case will react to the rays. Probably the 
previous duration of the disease is a factor which influences the 
result, the more recent cases healing with greater facility. Cases 
of general alopecia affecting all the hairy regions of the body do 
not readily respond to this treatment. According to Neumann^ 
a new growth of hair is more readily produced in young subjects. 

It must not be forgotten that a large number of cases of 
alopecia recover spontaneously. These are the cases most readily 
ameliorated by radiotherapy, which acts by stimulating the fresh 
growth of hair. The X-rays have no specific effect on alopecia 
areata, and are most uncertain in their action. 

Radiotherapy should only be prescribed in obstinate cases of 
alopecia, where it will often produce a notable amelioration after 
other means of treatment have failed. 



3. Diseases on which the Action of the X-Rays 

is as yet Undetermined. 

Acne Vulgaris and Acne RosoA^ea. 

At the International Congress at Moscow in 1897, Dr, Gauiier 
of Paris reported sixteen cases of acne vulgaris and acne rosacea 
which had been successfully treated by radiotherapy. Daily ex- 
posures were given, lasting five or six minutes, the tube being at a 
distance of 12 inches. The current in the primary of the coil was 
6 amperes, at a pressure of 18 to 20 volts. After the sixth irradia- 
tion, the lesions began to improve. The skin desquamated, the 
redness was diminished, and the telangiectases became less 
apparent. 

At the same congress Dr. Pokitonoff of Paris showed a case of 
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acDe vulgaris, in a woman of twenty-three years of age, in whom 
the disease had persisted since the age of thirteen. This caa^ 
which was under Dr. Oautiers care, was completely cured aftopj 
twelve irradiations. 

UUmmin reports a case of inveterate acne of the hack. After 
some ten or a dozen exposures a pronounced erythema occurred ; 
the acne nodules became swollen, but did not suppurate. Little by 
little they dried up, with slight exfoliation of the skin. A com- 
plete cure was obtained after fifty seances, leaving an intenas., 
pigmentation of the skin. 

Hahn reports several cases of ncne rosacea ameliorated, while 
some were entirely cured by this method. Some months after the 
cessation of treatment there had been no return, 

Jutaxsy and many other authors have observed the disappearance 
of acne vulgaris during a course of radio therapeutic treatment 
directed against a different disease. This led him to employ it 
in acne rosacea, in the treatment of which he obtained good 
results. 

Sckijf and Freund report satisfactory results in 
obstinate acne vulgaris, and also in acne accompanied by 
comedones. 

Freund also reports a case of acne rosacea, and two cases 
acne vulgaris. The amelioration was very noticeable, but slow 
its appearance. He used exposures of short duration. In the 
situation of the acne papules a number of red spots remained] 
which ultimately turned brown, and disappeared after some time. 
The results, however, were not permanent. In one case a relapse 
had already occurred, and in the other cases a sutticicnt time had 
not elapseti to be certain that there would be no recurrence. 

In a case of furunculosis of the netk the use of the X-rajs waa 
followed by remarkably good results. 

Schoitz has found that these lesions are ameliorated by irradia- 
tion, but in his opinion there is no gi-eat advantage over other 
therapeutic measures. The acne papules and comedones disappear 
slowly and incompletely, and new ones may appear even during the 
course of treatment. 

CampbeU reports fifteen cases of acne ti'eate<l by irradiation. 
Each exposure was of ten minutes' duration, at a distance of 4 
() inches. 

The following are his results: In nine cases the cure was coi 
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plete, an<l in three of these there wss no recurrence. In one case 
slight pigmentation occurred, but this was unaccompanied by 
erythema or dennatitis. 

In four cases there was partial improvement. Some of the 
lesions disappeared, whilst others were not affected. 

In one case the acne eruption disappeared entirely, except just 
at the margin of the hair, which had been pn>tected by a shield. 

In another case a slight temporary (iermatitis occurred after 
thirty-three exposures of ten minutes each, spread over a period of 
three months. The treatment was stoppeil in consequence, and 
the dermatitis soon abated. Some of the acne spots disappeared, 
while others were unaffected. 

Hyde, Mimtgnmery, and Ormshy have noticed the disappearance 
of acne vulgaris after irradiation. 

In certain cases the beneficial effects of the X-rays appear to be 
due to the production of atrophy of the sebaceous glands and hair 
follicles. \Vith severe and widespread acne, successful results can 
only be obtained by pushing the treatment far enough to cause 
atrophy of the selwceous glands. 

The treatment by X-rays can only be reganled as perfectly 
satisfactory if it is found on further investigation that recurrences 
do not occur. 

In treating cases of hypertrichosis, Pusiy found that any con- 
comitant acne rapidly disappeared. In consequence of this obser- 
vation, he submitted a number of acne cases to X-rays, He 
reports eleven which had improved under this treatment ; usually 
there was no marked reaction, which in his opinion would be pre- 
judicial. He has seen favourable results in acne occurring in 
female patients at the age of puberty, and also in cases of in- 
durated acne. In these most obstinate cases the results are some- 
times most striking: the lesions cease to progress, the redness and 
in6ltration subside, leaving only a few small white cicatrices. 
These results were obtained in cases which were not otherwise 
amenable to treatment. Radiotherapy in these ca,ses gave results 
superior to any hitherto known procedure, 

IK. L. Ueeve reports a ca-se of acne vulgaris of the scapular 
region cured by the X-rays. No recurrence had appeared after an 
interval of six months. 

Barney has also reported encouraging results. 

Bulktey considers the X-rays as exercising a beneficial effect on 
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acne, and employs them as adjuncts to other means of treatment ii 
this disease. 

Lwttgarten is not so enthusiastic, as the few observations he had \ 
made were inconclusive. 

The following is the method employed by WiU'tams : The focu»-J 
tube is placed at a distance of K inches, and the exposure should! 
not exceed ten minutes. This should be repeated three times a I 
week, and intermitted on tlie occurrence of any reaction. The 1 
exposure should be given with great caution and patience, so as to 1 
avoid all danger of burning, and the irradiation should extend^ 
slightly beyond the margin of the diseased area. 

G. E. Pfahler is a strong partisan of this mode of treatmept | 
for acne. His conclusions are as follows : 

1 . Itadiotherapy is preferable to any other mode of healing acne. J 

2. Recurrence is less frequent by this method, and when ifcl 
occurs the cases are less severe. 

3. Severe reaction should not be set up. 

4. If deruiatitis is avoided, cutaneous atrophy does not 

5. The first evidence of reaction should be a moderate degree J 
of erythema, and this should not occur till some considerable time^ 
after the irradiation. 

6. Erythema is no requisite for a cure. A slight reaction, how- 
ever, produces a more rapid result 

7. The eyes, eyebrows, and hair, should be carefully protected I 
from the action of the 

8. The focus-tube used should have an equivalent spark-gap of 1 
SJ inches. It should be placed at u distance of 10 to \9, inches -f 
from the skin, and the duration of exposure should be from five to / 
ten minutes. The current in the primary of the coil should befl 
from 2 to 5 amperes. 

9. The treatment should be continue) for about three months, J 
the number of exposures varying from twenty to thirty. 



Br, 



-q rep< 



rtcd a case of sebonhoeic c 



I and acne whicli had | 



i of seventeen radiotherapeutic J 



been treated at Vienna by a c 
seances. 

The seborrhiea was but slightly modified, while the acne was 
exaggerated. An alopecia of the irradiated area had supervened. 

The X-rays appear to act on the eruption of acne in two distinct j 
ways — first, by causing atrophy of the sebaceous glands, and j 
secondly by setting up an irritative desquamation. 
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The principal effect is probably due to the direct action of the 
rays on the sebaceous glaiidH. In common with all other glandular 
stnictnres, the secretion of these is arrested by irradiation. This 
arrest of function may go on to complete atrophy if the exposure 
is prolonged. 

If one adopts SahouTaiaTs view, acne vulgaris is a complication 
of seborrhoea, of which the essential feature is the excess of the 
fatty discharge from the sebaceous glands. This is caused by a. 
bacillus germinatinjj in the homy lamella which normally closes 
the pilo-sebaceous orifice. 

In this way a veritable cocoon is formed, which blocks the duct 
and produces a hypertrophy of the sebaceous gland. According 
to this vieir a cure, or at all events an amelioration, will naturally 
result from the use of a therapeutic agent such as the X-rays, 
which will cause atrophy of the hypertrophied glands. 

This is the explanation put forward by Tih-Hk and Scliein, who 
in addition attribute a microbicidal action to the X-rays, which in 
our opinion they do not possess. 

Frcund considers that the desquamation set up by the X-rays is 
the imme<liate cause of cure. This hypothesis seems plausible, for 
the topical applications most erticacious in treatment of acne have 
a similar effect. They cure by producing irritation and exfoliation 
of the superficial layers of the skin. 

According to Gassinanii, the cure of acne rosacea by X-rays is 
due to a different cause — viz., a de.struction or degeneration of the 
bloodvessels themselves. 

At the Broca Hospital we have not as yet treated many cases of 
acne by radiotherapy. If the ordinary topical appllcatjon.s are not 
sufficient, we call to our aid a few high-frequency applications, which 
in our hands have Ijeen very successful. As pointed out by I^redde, 
phototherapy is also useful in obstinate cases of acne, and our own 
experiments in this direction have been most encouraging. 

It would seem that radiotherapy should be reserved for obstinate 
and di.sfiguring cases of this disease, where other means of treat- 
ment have failed. It is a useful maxim always to proportion the 
activity of the therapeutic agent to the malignity of the disease. 

The following is our method of procedure. In a case of 
generalized acne attacking a great part of the face, the different 
regions — cheek, chin, nose anil forehead — should be treatwl separately, 
the hair, lips, eyes and eyebrows being carefully protected by a lead 
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shield. In order to get an equable irradiation, the focus- tube: 
should be placed at a distaui^e of 5 to 6 inches from the skiu. The 
rays should be of slight penetration — No. 5 on Beuoist's scale. If 
the ca.se is a slight one, or occurring in a young woman or girl, we 
may begin with an exposure of 2 H. or 3 H. on each area, at the 
first sitting. If the patient is a man, and the disease is an old and 
inveterate acne, we may begin with 3J to l H. Even 5 H, may 
be given if the disease is situated on other parts than the face. 
After a [)eriod of fi-om fifteen to twenty days, according to circum- 
stances, a second dose of similar magnitude may be given, or, 
better still, a dose rather smaller in amount. Complete cure, or 
at all events a noticeable improvement, usually occurs after thi 
or four seances. 

No reaction other than a slight erythema should be set up ; the 
occurreni-e of severe dermatitis should lie carefully avoidetl. Even 
with the greatest caution permanent alopecia of the beard may 
result, and even after the lapse of a year a certain amount of 
atrophy of the skin may occur when the treatment has been unduly 
pi-otouged. 

KertftOfii)* Pilaris. 

We have recently treated by radiotherapy a patient suffering 
from keratosis pilaris of the eyebrows, accompanied by intolerable 
itching. 

We began with small doses, 3 H. to 4 H., with rays of low 
penetration, once a fortnight. The itching ceased entirely with the 
commencement of epilation. After a time, however, the pruritus 
recommenced, and we were obliged to resume the in-adiations. In 
this way we gave fifteen exposures on the two eyebrows, with a 
dose of 3 H. to 6 H. on each occasion. 

No marked reaction occurred. The redness has diminished ; 
alopecia is complete, and the patient appeals cured. There is 
itching. The conical elevations around the haira have disappeai 
and there is no perceptible atrophy of the skin. 

This result is the more interesting as the patient had an old 
of lupus erythematosus on the cheek, and it was a question whether 
the keratosis of the eyebrows was not possibly connected with a 
recurrence of this disease. 
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CHAPrER III 
DISEASES ASSOCIATED WITH SEBORRHCEA 

Diseases having a Keratolytic Action. 

PsoriaHs. 

Typical psoriasis does not usually need radiotherapy for its cure. 
A temporary cure at all events is generally obtainable by external 
applications aided by internal medication. Certain obstinate 
varieties, however, remain for years with slight alterations of aggra- 
vation or amelioration, in which every variety of treatment has 
been tried without result. In these cases, when all other means 
have failed, radiotherapy often yields satisfactory results. 

Albers-Schonberg seems to have been the first to apply the 
X-rays successfully to a case of psoriasis. After from four to six 
seances the squamae could be detached without the appearance of 
the fine haemorrhagic points usually found under each scale. 

Great caution is necess€uy on account of the extreme sensitive- 
ness of the skin in these affections. 

Dr. James Startin reports a case of psoriasis treated by him in 
March, 1900. It was in a female of twenty-one years of age, who 
had a patch of psoriasis of the leg which had resisted all treatment. 
He gave three exposures at intervals of three days. Fifteen days 
after the last seance the skin had regained its normal appearance. 

According to Hahn^ psoriasis is favourably influenced by X-rays. 
The scales are rapidly shed and healing follows. He does not 
touch on the question of recurrence. 

Sjogren and Sederholm of Stockholm do not attach any great 
value to this mode of treatment. 

WiUiams has had satisfactory results in his practice. He repeats 
the exposure daily, or, better still, three times a week. From six 
to ten exposures are required for each patch. If the affected 
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region is of considerable extent, the tube must be placed &t 
distance of 13 to \3 inches. A powerful coil is required to produce 
an efficient radiation under these conditions. If sufficient power is 
not at our disposal, the surface should be broken up into a number 
of sraall areas, which should be irradiated suc-cessivelv. 

In the treatment of large surfaces, Freiaid places the tube at 
some considerable distance, and gives exposures of from ten to 
twelve minutes' duration. If the diseased patch is of smaller 
extent, he brings the tube nearer and reduces the time of ex- 
posure. Patients show a marked preference for this method of 
treatment. He says, however, that in the five years during which 
he has employed the X-rays, he has never met with a case of per- 
manent cure of psoriasis. On the other hand, he ha.'^ frequentiv seen 
chronic patches on the elbows and knees, which have persisted for 
years, completely cleared away by X-ray treatment. Unfortu- 
nately a new eruption has generally succeeded either in the neigh- 
bourhood of the old patches or on other parts of the body 

Sclioltz has also studied the action of the rays on psorii 
The following is his mode of operation : When the eruption 
disseminated over a large surface, as often occurs on the back, 
he places the tube at a distance of 16 inches from the skin, and 
gives exposures of fifteen to twenty minutes' duration. During the 
exposure he moves the focus-tube continually, in a plane parallel 
to the surface, in order to obtain an equable irradiation of the 
whole area. 

For more localized patches, as on the elbows and knees, seances 
of ten minutes with the tulje at a distance of 12 inches usually suffice. 

The irradiations are repeated daily for the first two or three 
days, then every two days, and subsequently every three days. 

Sckoltz does not employ any shield of lead or plaster, as he con- 
siders it advisable to irradiate not only the diseased patches, but 
also the healthy skin in the neighbourhood. 

Schollz's experiments have been carried out in various ways. In 
certain cases, where the patches were symmetrical, one side only 
was treated by the X-rays so as to have a means of comparison. 

Generally speaking, he found that the X-rays had a marked 
influence on the disease. Most cases were greatly improved, and 
some were completelv cured. Sometimes, after the primary c 
were shed, the surface of the skin was covered with fine 
furaceous scales. Under these circumstances, plasters of chrj 
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robin were used with good effect. He considers that the usual 
topical applications should be continued for some time after the 
cure is completed. 

He concludes : * Psoriasis may be conveniently and rapidly cured 
by radiotherapeutic treatment. "* 

As regards recurrence, Scholtz hesitates to express an opinion. 
In certain cases he has seen fresh eruptions of psoriasis occur even 
during the course of treatment, and since the publication of his 
work other cases of relapse have occurred. This fact reduces the 
value of the treatment considerablv. 

Scholtz has made a histological examination of portions of skin 
affected with psoriasis, which had been treated by X-rays before 
excision. 

* The first specimen was taken from the edge of a large patch 
of psoriasis occurring on the chest of a patient, and included a 
portion of the healthy tissue. It had been in-adiated on five 
separate occasions from May 31 to June 6, 1901. The duration 
of each exposure was ten minutes, the focus-tube being at a dis- 
tance of 16 inches from the surface. 

* On June 8, at the time of the biopsy, the scales were com- 
pletely detached, and the affected region had become smooth and 
soft. There was a certain amount of dark-brown pigmentation, 
which was shared by the healthy skin in the neighbourhood of the 
patch. 

^ On microscopic examination none of the typical modifications 
usually seen in psoriasis were visible. The only change to be made 
out was that in those portions of the skin which had been irradi- 
ated the prickle layer and the corneal layer were slightly thick- 
ened. In the dermis there was some infiltration of the papillary 
body around the subpapillary vessels. The epithelial cells were 
also modified, as already described. 

* Both the diseased and the healthy portions were pigmented in 
a special manner. In one specimen cells of a peculiar shape were 
found in the dermis, notably in the papilla and in the vicinity of 
the palisade layer. Some of these were elongated and others star- 
shaped, with a nucleus of irregular outline, the protoplasm of 
which was crowded with large round pigment granules of a 
yellowish-brown colour. 

* Among the epithelial cells of the Malpighian layer also some 
of these isolated cells were found. In the rete Malpighii, especi- 
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ally in the deeper layers, the cells contained a fine g 

ment distributed through their protoplasm. In add 

pigment within the cells, a network of tine pigment granules, 

(.■losely pressed together, appeared to surround the epithelial walls 

themselves. 

'On closer examination it was found that these granules were 
not situated between the cells, but that the pigment was deposited 
in the epithelial cells and in the protoplasmic fibrillte which pass 
from cell to cell. This hypothesis is su}>ported bv the fact that 
the protoplasmic prolongations implanted in the basal region of 
the rete Malpighii are similar in appearance to those which pass 
between the cells. Moreover, where the pigment was abundant, 
the protoplasmic filaments did not stain readily, a fact already 
pointed out by Kroiiiayer. 

' Further observations," says SchoUs, ' are needed on this subject, 
as the specimens I possess do not enable me to detennine with 
accuracy the exact position occupied by the pigment, nor the exi 
means of its production/ 

L'Umann has reporteti some cases of psoriasis treated by ri 
therapy. One of his patients had a patch of long standing on 
sacrum, which had resisted all the usual applications. He was 
treated by three exposures, each of thirty minutes" duration, with 
the result that the patch entirely disappeared after the occurrence 
of a slight reaction, leaving in its place an area of brown pig- 
mentation. In Ullmanit's opinion psoria.sis is the dermatosis of all 
others which is most readily affected by the X-rays. It is, however, 
questionable whether they are capable of preventing recurrence 
of the disease, and whether this is not sometimes more frequent 
after ti-eatnient by irradiation. On the other hand, in one case a 
severe psoriasis of sixteen years' duration was totally cured by a 
course of treatment extending over eighteen months, and hitherto 
there has been no recurrence. 

Ehmmnn considers the treatment satisfactory. Like all the 
usual remedies for this disease, it sets up a slight inHammatory 
action, and this is the curative agency. As regards recurrence, i 
is probably as frequent after irradiation as after other methi 
treatment. 

' Radiotherapy,'' says K'lenbock, 'gii-es good results in the 
ment of psoriaais. In acute cases, with multiple foci, a slight 
exposure is sufficient, with the focus-tube at a distance of 12 inches. 
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and a duration of three minutes. In this wa^' the whole surface of 
the body may be treated. 

' Ajchronic patch iieetls for its cure a normal exposui'e of 3 H. 
to i H. The disappearance commences after an interval of six to 
eight days. Around the situation of the lesion a pseu do- pig menta- 
tion occurs, which disappears after some time. No other treat- 
ment, external or internal, is required, but irradiation will not 
prevent recurrence.' 

In the treatment of p.sorittsis of the face, which is of rare occur- 
rence, Holzkwcht recommends a dose of S H., whereas 3i H. to 
4 H, may lie absorbed by a lesion on the body. All inflammatory 
reaction must be avoided. Recurrence is frequent after treatment 
with X-rays. 

Hyde, Montgtjmeiy, and Orin.ihtj have treated thirty-two cases of 
psoiiasis with the X-rays. In every case the results were satis- 
factory, at least temporarily. From four to ten short exposures at 
a distance of 10 to 12 inches were usually sufficient, the lesion 
disappearing and leaving only some pigmentation behind. In 
benignant ca,ses the patches of psoriasis began to disappear after 
two or three applications. In common ivith other experimenters, 
tbey observed that after a course of irradiation the usual bleeding 
points did not appear when the scales were torn off. The appear- 
ance of the diseased patches was altered. They lost their scaly 
and pearly appearance, and became more furfuraceous. In half 
the cases the disease returned in the course of a few weeks, the 
fresh eruption appearing indifferently on the irradiated regions or 
on other parts of the body. In one instance, however, no recur- 
rence had been observed after an interval of eight months. 

Dr. Mcu'born has cured an obstinate case of psoriasis of the 
scrotum by the X-rays, but he does not mention if the cure was a 
permanent one. 

Jllen has treated a case with success. Morrow and Servcll con- 
test tlie efficacy of the rays, whereas BulUeif considers them to 
be a useful adjunct to the oidinary modes of treatment. 

Bo-uen of Boston had live successes and two failures in a series of 
seven case^ treated in the year 1903. 

Grunimwh, V. Z'u-msticn, Rubinstein, Payne, Grouven, Shar]K, 
Puiiey, Giimlcn, and othei-s, have employed radiotherapy in the 
treatment of psoriasis with more or less success. 

We have been successful in treating several cases of this disease. 



The following is our method of procedure ; We employ soft rays, 
corresponding to So. 5 of Benoist's chromoradio meter. When the 
lesions are well isolated we protect the healthy skin by a leaden 
shield. If the patches are disseminated or confluent, we irradiate 
the whole of the affected surface without attempting to shield the 
healthy integument. 

We place the tube at some distance from the skin in order to 
insure an equable irradiation, and we give a quantity sufficient to 
set up a very slight degree of irritation. A violent reaction is not 
necessary ; the quantity should be just sufficient to stimulate but 
not to destroy the skin. 

The action of the X-rays is similar to that of the topical appli- 
cations in general use, which set up an irritation of the cellular 
elements so as to modify the condition of their growth. The 
advantage of the X-rays consists in their power of penetration. 
They act equally on the superficial and on the deeper layers of the 
skin, whereas the action of an ointment is entirely superficial. 

In general we have obtained most satisfactory results from doses 
of 4 H. to 6 H. given at a single sitting, or in two exposures with 
an interval of twenty -four hours. A dose of 3 H. is often sufficient 
in slight ca.seB, while in one or two instances a second slight irradia- 
tion has been required after the lapse of a fortnight. 

^Ve may say for psoriasis what Sabouraiid says for tinea — it is 
not necessary to give numerous successive stances. A single ex- 
posure, or two if prefeixed, is enough, using rays corresponding to 
Nos. 4 and 5 on Benoists scale, and a quantity equal to 5 H. in 
HoI/.knecht"s units. 

With our installation the duration of exposure is fifteen minutes, 
at a distance of 5 inches from the anticathode. The quantity of 
X-rays absorbed during this period is about 4 H. On the following 
day a second exposure of five or ten minutes completes the dose. 
In cases where the eruption is slight, without much infiltration, 
a single exposure of fifteen minutes is sufficient. A month afW 
irradiation of a patch of psoriasis only a slight pigmentation 
remains. In very obstinate cases a second alight exposure suffices 
to complete the cure. 

The process of reaction takes place in the following manner: 
In those rare ca.ses which ai-e accompanied by pruritus all symp- 
toms of itching rapidly disappear. 

Then, the deep red coloration of the psoriasis begins to fade. 
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especially at the borders of the patch. Tlie healthy skin around 
the patch becomes of a slight rose tint, and then rapidly turn* 
brown. 

The scales become less adherent, and are easily detached bv the 
finger-nail, without leaving the usual ha-morrhagic points. The 
brown coloration of the edges of the patch becomes more marked, 
«nd in about fifteen to twenty day.-* after the exposure the scales 
are spontaneously shed, leaving the skin soft, faintly reddened, 
sometimes slightly hyper trophied, with a few furfuraceous scales 
on the Buiface. After a time the hypei'a^mia disappears, leaving 
behind it a certain amount of pigmentation. 

In some cases the patch of psoriasis does not become pigmented 
after irradiation, but remains of a reddish colour, with slight fur- 
furaceous scales, whereas the healthy skin surrounding the patch 
becomes of a dark brown colour. This pigmentation is deepest at 
the extreme bonier of the area which has been exposed to the 
X-rays, and graduallv dies away on the healthy integument, giving 
a zebra-like striping to the patient's skin. 

At this stage we usually apply a weak ichthyol pomade, or an 
ointment containing tar or yellow oxide of mercury. SchvUr: pre- 
fers a weak chi-ysarobin plaster. In a short time the skin regains 
its normal appearance, the pigmentation disappearing rapidly. 

The cases which have come under our treatment were most 
obstinate ones, in which all other means had failed. All of these 
wcrespeedily cured — at all events, as far as regards their objective 
aymptoms. 

Iq one case of psoriasis vulgaris, affecting both forearms, we 
treated one arm by radiotherapy and the other by ordinary external 
applications. The irradiated arm was speedily cured, while the 
disease in the other arm was uiialtere<l. 

If the psoriasis is recent, a dose of S H. or 3 H. Is often suffi- 
cient, but in these slight cases the ordinary treatment should he 
tried first ; if this fails recourse may be had to radiotherapy. 

When the lesions are very irritable the dose should not exceed 
2 H,, and if they are inflamed and eczeraatous they should be 
treated by means of soothing applications before commencin|; 
radiotherapeutic treatment. 

We do not recommend this method as the ordinary treatment 
for psoriasis. As we have already said, it should be reserved for 
the more serious cases, in which it gives must excellent results. 

18 



«i4 RADIOTHERAPY IS SKIS DISEASE 

As regards relafMCS, we have not hitfaoto met vitli mnj recur- 
icnce in those aue» which we hare treated. ProhabiT there mav 
be a recurresice after radiotherapy, as there is after all other 
method* of tzeatraenL 



C JUE I. — M. C. C, aced tweotr. Chroaie picora» of ftiwr rmnT duatioii. 
No external treatnwnt has had much cfiect. Treated W i«r. Bnfif. Haft 
frtwgd a KMon at La Bourbole without ettct. The leaons are limited to the 



l%l UVL —The X-nj^ were applied to an am oq ^e huck of the 
rifht forearm, whieh m cove r ed fay a eroap of nommiilar patriics Tarying 
from the fize of a nxpence to that of a ^hillinjr. 

The foca^nbe waA placed at a distance of 8 inches, and the X-ray^ used 
had a penetration corrci ^pou ding to Nw^ 4 or 5 on the radiorhromonieter. 
The eqoiralent impark had a lenf^th of 1 inch. A lO-inch coil made by GailR^ 
WM ued, with a current of o amperes and a preaFore of 16 toHk, with a 
break frequency of 1,200 per minate. The exposure lasted twenty minutes, 
with au ahMnption of X-rays eqoal to 2 H. or 3 H. in Hohknccht iuut& The 
next day a Moriod irradiation of ten minates was given to the same area under 
the f»ame condition^f, during which a doee of 1 H. was absorbed. 

Sofcrmbtr 24, — The area which has been irradiated is altered. The scales 
hare been partially shed ; the coloration is not the same ; the particles, which 
were of a yellowish colour before the treatment, have become reddish ; the 
infiltration is diminished ; the patches are flattened and are no Imger raised 
alnn'e the skin ; they are only recognisable by their diffierence of colour, and 
show a marked contract to the patches which have not been irradiated. 

The left forearm is treated by irradiation, giving a dose of 4 H. On the 
following day a second exposure of eight minutes is given with a doee erf" 2 H. 

iJtrrmher 20. — The areas treated on November 18 are free from scales, but 
are strongly pigmented of a brownish-red colour, which diminishes on pres- 
sure. The neighbouring skin shows no signs of reaction. 

A few small M;ales may be removed by the finger-nail, but underneath the 
usual hemorrhagic points are absent 

A short exposure of ten minutes is made on the right side. The patches 
treated on November 21 are beginning to fisule. 

December 22. — All the irradiated patches have disappeared, and the skin has 
regained its normal appearance. 

(>n the right forearm the pigmentation has been absorbed. On the left 
forearm a slight brownish discoloration still subsists. 

Cahe II. — M. G., aged fifty-six. Has had psoriasis for the last five or six 
years. The lesions are localized on the arms, the forearms, the elbows, and 
the knees. Has lieen treated by tarry applications, oil of cade, etc., without 
any result. The patient is probably an alcoholic, and suffers from rheuma- 
tism. The patches of psoriasis are of great extent, reddish in colour, infil- 
trated, and covered by a thick mass of hard scales. Each patch is surrounded 
by a zone of brownish hyperpigmeutation. The patient complained of con- 
siderable itching in the neighbourhood of the eruption. 
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December 14, 1903. — ^The treatment was commenced by irradiating a large 
patch 12 centimetres long by 7 centimetres broad on the dorsum of the right 
forearm. The electric constants were the same as in the previous case. 

Duration of exposure, fifteen minutes ; equivalent spark, 2*5 centimetres ; 
quality of rays, Nos. 4 or 5 ; quantity, SJ H. 

December 15. — A second exposure of ten minutes' duration is given under 
identical conditions. Dose, 2 H. 

December 30. — ^The irradiated region itches much less, and is not so thickly 
covered with scales. An erythematous reaction has commenced. 
A patch on the left arm is irradiated. 

Duration, fifteen minutes ; quality of rays, Nos. 4 to 5 ; equivalent spark, 
2*5 centimetres ; quantity of rays absorbed, 4 H. 

December 31. — A second exposure is given to the patch treated yesterday. 
Duration, ten minutes ; quantity of rays absorbed, 2 H. 

January 11, 1904. — The patch on the right forearm has completely disap- 
peared. There are no scales, and the skin is soft and supple, although there 
is an increase of pigmentation. On the left arm the eruption is fading, and 
the itching has entirely disappeared. 

A patch on the knee is treated. This is bright red, covered by thick scales, 
and discharging here and there. 

Duration, twenty minutes ; distance, 15 centimetres ; quality of rays, 
Nos. 4 to 5 ; quantity of rays absorbed, 4 H. 

January 12. — Second irradiation of the patch which was treated yesterday. 
Duration, five minutes ; distance, 6 inches ; quality of rays, Nos. 4 to 5 ; 
quantity of rays absorl>ed, IJ H. 

January 22. — The arms are nearly cured. No fresh exposures were 
made. 

January 29. — There is no trace of psoriasis on the arm and elbow which have 
been treated, but pigmentation still persists. A slight patch on the right 
knee is irradiated. Duration, fifteen minutes ; distance, 6 inches ; quality of 
rays, Nos. 4 to 5 ; quantity of rays, 2 J H. 
January 30. — A second exposure on the same patch as yesterday. 
Duration, fifteen minutes ; quality of rays, Nos. 4 to 5 : quantity of rays, 
2iH. 

Febrtiary 10. — All the parts which have been treated are completely cured. 
There is no sign of infiltration, and no hsemorrhagic exudation on scratching. 
The skin is hyperpigmented, especially round the periphery of the patches, 
the centre being less deeply coloured. An ichthyol ointment is prescribed. 

February 26. — All the lesions have completely disappeared, and the pig- 
mentation has diminished, especially on the arms, which were treated first. 

it should be remembered that before the commencement of the treatment 
the skin surrounding the diseased patches was already hyperpigmented. 

The patient is discharged cured. He was given a prescription containing 
ichthyol and oxide of zinc. 

Case III. — M. M., aged forty-five, suffering from psoriasis of two years' 
duration, during which time the case has been treated with various ointments, 
and has considerably improved. On a great part of the body the eruptions have 
disappeared, and their number has diminished. Several patches on the legs 
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DsnliMiy Mcen mnwte^ ; ^ktacce. 1^ uiiriirii i efai^alait sfvi^ 
2''S <nmfi»etr» ; «|QalitT of riT«. No». 4 t» ^ ; ^vaatztr ^tf* rn^ 4 H. 

Jmmauify 16, — ^TIk IcMOot oc tihe lambar roriaa are fcflni vilk the excep- 
tion i4 a ^Isrlit amocuit of crrtiMSiia azi4 fi'tiiii iktatiap, A irv scal» refnaiD 
on tbe left fcvttork. Tlie Odn ftiU exjul»t» tnec» «f ^i«kt leBctMB. 

Ad imdiatMm h fircro to a patrh od tike lover third of tke anterior suriate 
of tike tliiiidiy tiie diinenHooft of vkicli are •> centimetres W 3 untinw tif ip> 

Dantifm, fifteen minutes ; dktance, 10 to If centnwtre^ ; length of 
einiTalent f^nrk, ^'-S centhnetre:* : qoantztj of raj^. 4 H. 

Januafj 23, — ^>n the hark there l« do appearance of er op tiooy hat the skin 
of the irnkliated aiea U !4ill diirfatlT rc«L 

The patch on the thiirh h^ improrecL 

An irnkliatiou ui iriren to the hattoek^ where a few scales £:till remain. 

Ihtr^tiim, fifteen miniitc»; dijEtance, 10 centimetres; eqaiTalent ^lark, 
2'fp t:entimttre% ; quantity, 4 H. 

Fe^/rwury t$, Iil04, — All the irradiated areas are healed, except the patch on 
the front of the thiirhy which is now sohjected to another exposare. 

I>ormtiony fifteen minates ; eqaii-alent spark, 2*5 centimetres; qoantitr, 
4H. 

F«^rruary 111. — There is still reaction in the patch on the thigh. On the left 
knee there is an annular lesion of the size of a shilling, which has not been 
treated liefore. 

Duration, twenty minates ; distance, 10 centimetres ; equivalent spark, 
1'h centimetres ; quantity, r> H. 

March 9. — The patch treated on February 111 shows si^is of reaction. It is 
red I and some of the scales have been shed. A few scales still remain on the 
left thigh, for which a tar ointment is prescribed. A spot on the right popli- 
teal space is treated, using a 10-plate static machine. 

Duration, twelve minutes ; distance, 10 centimetres ; quality of rays, 
No. 2 ; quantity absorbed, 4 H. to 5 H. 

March iiO, — All the patches which have been treated are healed, leaving 
only a slight amount of pigmentation. 
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Seborrhceides. 

We have lately employed radiotherapeutic treatment with good 
results in two cases of seborrhoeides not of a lichenoid type, 
employing moderate doses of about 4 H. 

One was an ordinary case of a seborrhoeic eczema on the leg, with 
considerable itching. Both the lesion and the itching disappeared 
after a slight exposure. A recurrence appearing a month after- 
wards yielded to a second application of the X-rays. 

The second case was an unusual form of seborrhceides of the face, 
in which ointments, plasters and even scarification, had produced 
no beneficial effect. The affected parts were covered by a trans- 
parent greasy coating. 

After a few exposures, the itching speedily disappeared. The 
redness at first increased, but was afterwards much diminished, and 
the greasy secretion became less abundant. After a few more 
applications the case was entirely cured — at least, so far as the 
objective symptoms were concerned. 

The same precautions must be taken as to the protection of 
neighbouring parts, and the avoidance of reaction, as in cases 
of acne. 

At the first seance a dose of 3 H. to 4 H. should be given 
according to the region involved, followed if necessary by a second 
sitting after a fortnight^s interval. 

The treatment is only applicable to obstinate localized lesions, 
and recurrences are frequent. 

Lustgarten has published cases satisfactorily treated by his 
method, but his observations are not conclusive. 

Case I. — M. H., aged twenty-two. A patch of non-papnlar seborrhoeides 
on the right leg^ accompanied by intense itching, of one year's duration. 

February 10. — Irradiation with rays of quality Xos. 4 to 5. Dose 4 H. 
to5H. 

February 24. — The day after the irradiation the itching entirely disappeared. 
The slight infiltration of the skin is removed, leaving only a little redness and 
a few conical red papules around the hairs. 

March IG. — The patch which has been treated is pigmented and des- 
quamating. The patient complains of slight itching. Just above the original 
lesion there has appeared a fresh patch of eruption, which is treated by 
a second irradiation of 4 H. 

April 8. — There is a slight recurrence in the lesions previously treated. 
An irradiation of 4 H. is given. 
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April 26. — Great improvement. A dose of 3 H. is given. 

May 26. — The case is completely cared. 

Case II. — Mme. G,, aged eighty-eight. A t3rpical seborrhoeic eczema of 
the face, with itching. A most obstinate case, which has resisted treatment 
by external applications and scarification. 

January 22. — Irradiation of the right side of the face. Dose 4 H., quality ; 
of rays, No. 4. 

February 3. — Great improvement on the cheek which has been irradiated. 
Au exposure of 4 H. on the forehead. 

February 8. — The cheek irradiated on January 22 compares very favourably 
with the other side, which has been treated with external applications only. 
The forehead is slightly red. An exposure of 5 H. is given to the left cheek. 

February 24. — Slight reaction of the left cheek. An exposure of 4 H. on 
the chin. 

March 16. — The chin continues slightly red. There is no itching. All the 
regions which have been treated are nearly healed. 

/Vom April 8 to May 11. — Short exposures are given with doses of 3 H. to 
4 H. on certain parts of the face which have been hitherto protected by lead 
shields, such as the alee of the nose and the eyebrows. 

June 10. — ^The general appearance is greatly improved ; most of the regions 
which have been treated are completely healed. 

October, — The patient is completely cured. 



CHAPTER IV 
PRURIGINOUS DERMATOSES 

The affections which we propose to study in the present, chapter 
differ greatly in appearance, but from a radiotherapeutic point of 
view we have thought it advisable to group them together, since 
they are all characterized by the common symptom of pruritus. 

In many of these diseases the occurrence of pruritus seems to be 
the principal factor ; it may be the only symptom, or be accom- 
panied by a local lesion of the skin. In the same way the X-rays 
may act simply on the pruritus, as in the so-called pruritus sine 
materia, or they may influence the lesions of the skin which com- 
plicate the affection. In the latter case the Roentgen rays not 
only arrest the itching, but exercise a favourable influence on the 
skin affection which accompanies it. 

We propose to pass in review successively the following diseases : 
pruritus sine materia, pruritus with a papulai* eruption, prurigo, 
lichen ruber planus, lichen corneus, and eczema. 



Pruritus Sine Materia — Vulvar and Anal 

Pruritus. 

One of the most marked and indisputable effects of radiotherapy 
is the rapid diminution and cessation of pruritus. Numerous 
patients whom we have treated by the X-rays for pruriginous 
affections have been rapidly relieved, but in some cases the improve- 
ment has been only temporary. , 

Sjogren and Sederholm have reported cases of patients suffering 
from anal and vulvar pruritus who have been rapidly relieved by 
X-ray treatment. If there is no serious cutaneous lesion, and if 
the regimen is carefully attended to, a permanent cure may follow. 

279 
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Scholtz also has reported a case of vulvar pruritus which was 
improved by slight irradiation. 

More ix-coitly Pennington has employed the X-rays in the treat- 
ment of anal pruritus with exc'elient results. He has treated | 
thirteen cases by this method, to the exclusion of all other treat- 
ment, general or local. In every case he obtained a perfect cure, 
with no recurrence after many months. The duration of the j 
treatment varies with the &^ and gravity of the affection. In the 
case of a female patient who had sufferetl for three years, a few ] 
exposures completed the cure; whereas the treatment had to be ] 
continued for a month in the case of a man whose pruritu.s was only I 
of two years" duration. 

DelhiTui and Ltiqucrrtere tried radiotherapy in a patient afflicted I 
for many yeai« with ano-vulvar pruritus, which had received no ] 
benefit either from the faradic current or static and high-frequency \ 
elfleuves. 'ITie tube, whose equivalent spark was 5 centimetres, 
was placed at a distance of 20 centimetres from the skin. The first, 
seance was of one minute's duration, and this was gradually aug- 
mented to four minutes. A complete cure resulted after six st-ances. 
Four months aflei'wards there had been no recurrence. 

They obtained considerable amelioration in a severe case of 
pruritus ani with horrible itching, which had been unaflected by 
treatment with high-frequency currents for a period of three year*. 
At firet the seances were repeated thrice a week, and afterwards 
less often. After a dozen exposures there was great amelioration 
of the condition, the accession of itching being of very short dura- 
tion and much less intense. The patient was able to get eight 
hours' continuous rest, whereas previously he had never had two , 
hours' sleep without interruption. 

Oudin has recently published a similar case. 

In the treatment of pruritus the rays should be of slight penetnu I 
tion, and the dose should he moderate, for all local reaction should ] 
be avoided. In our opinion the dose should not exceed 3 H. or4H., 
repeated every eight or ten days. 

In ordinary cases of pruritus a careful regimen should be pre- 
scribed, and treatment by high-frequency cun-ents, which are usually 
verv efficacious, should be tried. Only in very severe and olistinate 
cases should we have recourse to radiotherapy. 
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PruritHti with Ptipnt<tr Eruption— Ctrcumwrlbed 
IXen i'Oflefnia tit is. 

Ill three cases Srhiillz has found great amelioration following 
radio therapeutic treatment of this disonier, and we ourselvew have 
also had very encouraging results in cases where other modes of 
treatment had failed. 

Among others a female patient came under our care suffering 
from localized itching of an intolerable character. The constant 
scratching Had resulted in a very pronounced licheniii^-ation of the 
affected parts. As a result of irradiation the itching was speedily 
relieved, ITiis result was noticed on the same evening, and on the 
day following the exposure. The irradiated surface at first became 
red ; suljsequently the skin became more supple, and assumed a 
violet hue, which finally turned brown. The itching entirely dis- 
appeared. After some time the skin regained its ordinary smooth- 
ness and flexibility; the striffi and quadrangular markings were 
obliterated, and only a certain amount of pigmentation remained. 

After a month's interval the itching had not returned. On 
some of the other patches the result was not so rapid, and a second 
irradiation was given after a fortnight's interval. 

The following is our method of procedure: 

'I'he lichenoid patch is irradiated with a dose of 5 H. or 6 H. at 
a single sitting. The rays have a penetration corresponding to 
No. i to No. 6 of Benoisfs radiochromonieter, and three or four 
exposures are usually sufficient to insure a cuce. We employ a 
localizer to protect the surrounding skin. 

Our results were most interesting, as the cases we treated were 
very obstinate ones, which had resisted ail medicinal ti-eatnient, 
and even scarification, with crossed linear incisions. 

We do not claim for this treatment that it will effect a radical 
cure, but it is quite capable of alleviating the suffering of the 
patient, and in certain cases it entirely removes the objective 
symptoms. The future will show how far we nmy hope for a jjer- 
manent cure. 

Case I. — Mme. J. H.., UjEed tweiity-sij:. Circumscribed ueurodermatitia ou 
the left ude of the ueck, the hack, and the thighs. 

March 25, 1901.— An irrailiation of 4 H. wna pven nu the iietk. <hi the 
AjUowiDg day the itching of the irradiated area had ceased. 
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ir. /,. Heeve has cured a case of lichen planus of the arm aftel 
fourteen weeks' treatment. Zeinh-r, MarUod, Pugn/, and more 
recently UUmann, have also obtained good results. 

\Ve have had an opportunity of treating a vonng woman sufier- 
ing from lichen planus at the Broca Hospital, who was sent to 
Dr. Brorh by Dr. E. Htmier. The lesions were not of any great 
extent, but were accompanied by intense itching. Oue side was 
treated by radiotherapy and the other by topical applications. No 
internal medicine was prescribed. I 

On the irradiated side the itching rapidly ceased ; the lichen 
papules diminished, and finally disappeared. For the most part 
one application was sufficient, but for some regions a second 
exposure was required after a few days" interval. 

On the side treated by external applications the amelioration 
was very much slower ; the itching lasted longer, and the papules 
did not disappear so quickly. During the course of the treatment 
an eruption appeared on the tongue and mucous membrane of the 
cheek. This, however, had shown signs of its appearance before tiM'l 
commencement of the treatment. 

The exposures were made in the usual manner. The penetration 
of the rays chosen was No. 5 of Beiioist's radiochromometric scale, 
and the quantity rarely exceedetl + H. or 5 H. of Holzknecht's units. 
It is not necessary to use a lead shield to guard the healthy skin, 
and in many instances this would be impossible. The distance 
of the focus-tube should correspond to the area of the surface 
to be treated, and the field of irradiation may be limited by 
the use of a localizer, which will diminish the issuing cone of 
rays. 

If the itching is violent, as in our case, it usually diminishes on 
the day following the irradiation, and disappears in two or three 
days. Frequently an erythema appears on the .seventh or eighth 
day, proportional to the sensibility of the region and the quantity 
of X-rays absorbed by the skin. After treatment the papules 
shrink and appear less brilliant in colour, with a fine desquaniatioo 
on their surface. They usually disappear entirely in fifteen to 
twenty days, leaving only a slight pigmentation to mark the spot 
originally occupied by the lesion. 

Sometimes the diseate, though mitigated, still persists, and the 
itching returns. A second application of 2 H. or 3 H. UsuallTrl 
completes the cure. 




Great caution tihould be exercised in treating these cases, (.'er- 
tain regions of the body are more easily irritated than others. 
Thus in one of our cases a dose of 5 H. was given to a surface 
on the inside of the thigh near the knee. A sUght dermatitis 
occurred, with redness and oozing of the .skin ; whereas we had 
hardly ever seen a similar dose proiluce excessive reaction when 
employed on other regions of the body. These infianimatury 
reactions, however, are of little importance. 

Relapses occur after this treatment, as after every other. Thus 
we have seen that there was a recujTence in the case reported 
above. 

A secund case of lichen planus affected with violent itching 
came under our treatment. The pruritus was rapidly ameliorated, 
the lichenoid eruption was modified, and at the present time the 
case is completely cured. 

Complete recovery also resulted in a case of lichen corneus, in 
which a few large itching papules were scattered over the surface 
of tlie leg. A plate of lead was adapted so as to leave only the 
papules uncovered. A tiase of 10 H. was given in two exposures, 
«ach of 5 H., on successive days. 

The itching rapidly subsided, and some pain occurred in the 
irradiated part. A month afterwaids the papules had undergone 
considerable modification. On the summit of each a thick crust 
of a grey colour apfteared, which was ea.sily detached. 

These crusts fi.ll off a few days at'terwai-ds. Where the large 
papules had previously existed the skin was soft and slightly 
reddened, presenting a numljer of punctiform orifices, which 
ultimately disappeared. On other parts, where the irradiation had 
been less intense, a second exposure, fifteen to twenty days later, 
was required in order to complete the cui-e. 

These cui'es show that radiotherapy has a favourable action on 
lichen nilier planus and lichen corneus. We are, however, far from 
advising its use in every case. 

In certain cases of lichen planus very simple medication, and 
even the hot or c-old douche, will cure. Other cases, on the contrary, 
are most relwllious to treatment, and in these radiotherapy will be 
found useful, provided the lesions are sufficiently restricted in area 
to render its employment practicable. 

In lichen corneus no other method, in our opinion, gives such 
rapid and complete result.s as radiotherapy. 
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Case I. — Mme. C, aged thirty-five. The patient presents a number of 
spots of lichen planus^ disseminated over the body. The itchini^ is very 
severe. A portion of the eruption is treated with ointment^ and another part 
by the X-rays. The penetrative power of the rays corresponds to Noe. 4 or 5 
of Benoisf s scale. 

March 7 to 29, 1904. — Five irradiations have been given on different areas^ 
with an average dose of 4 H. on each occasion. 

March 23. — ^The eruption treated on the 7th is modified, the itching has 
abated, and the appearance is altered. Some papules on the outside of the 
thigh which itched Wolently, are healed by an irradiation of 5 H. 

April 5. — The eruption which has been irradiated has disappeared. The 
part which has been healed by external applications is also improWng. 

Aprii 27. — A slight dermatitis has been set up on the region treated on 
April 5. The parts irradiated by X-rays are cured, and there has been no 
recurrence. The radiodermatitis is treated by a thick paste of zinc oxide. 

May 21. — The dermatitis has faded away. A few papules previously healed 
have reappeared. 

Cask 11. — Mme. B. T. Lichen planus. The eruption is confluent^ the 
skin red and infiltrated. Five exposures have been given on each area, with 
rays of penetration No. 5. The pruritus has ceased ; the parts which have 
been treated are improving, while in some places the eruption has entirely 
disappeared. Since the eruption originally covered a large area, the patient 
is still under treatment. 

Case 111. — Mme. G., aged forty. Lichen corneus. The eruption has 
existed for the last six or seven years. On the left leg are a number of large 
papillomatous spots which are corneous and of variable size. Of these, three 
are grouped on the lower third of the limb, while four or five are clustered 
together on the superior third. The eruption is accompanied by violent 
itching. 

Each group is treated separately, care being taken that the rays act only on 
the papillomata themselves. 

March 15 oTid 16. — ^Two exposures on consecutive days are given to the 
lower group, with rays of No. 6 quality, and a total dose of 10 H. 

March 31. — The pruritus has entirely disappeared. The patient complains 
of a slight sensation of pain over the irradiated area. A dose of 10 H. is 
given to the group on the upper part of the leg. 

Aprii 20. — The pruritus has entirely ceased. The lower group is altered in 
appearance. The papules are covered with thick horny stratified crusts, of 
a greyish colour, which seem ready to fall off. The papules of the upper 
group are also covered with hard scales, but are not so thick. 

There is considerable pigmentation of the neighbouring skin. 

An exposure of 4 H. is given to the lower group. 

May 5. — The crusts and scales on the lower group of papules are beginning 
to fall off. 

May 14. — In the lower group the crusts have fallen off, leaving in their 
place a slightly reddened cicatricial tissue, with fine punctiform depressions. 
The papules of the upper group are disappearing. An exposure of 3 H. is 
given to this group. 
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May 30. — All the papules have disappeared. Their sitoation is marked by 
the cicatricial aspect of the skin. 

A short exposure of 4 H. is given in order to guard against recurrence. 

JEczema. 

It may surprise my readers to find this affection in the same 
category with lichen, prurigo, and neurodermatitis, but the 
similarity of the action of the X-rays on all these diseases warrants 
their inclusion in the same class. 

Hahn and Albers-Schonberff were the first to treat eczema by 
radiotherapy. 

They found that after a certain number of irradiations the 
discharge and itching ceased, while desquamation and desiccation 
were arrested. After having treated fourteen cases of eczema, they 
formulated the following conclusions : 

^ In a weeping eczema the exudation disappears after one to four 
exposures, and does not return. 

^In pruriginous eczema the itching often ceases after a single 
application. 

* On dry eczema the effect of the rays is most marked.'' 

Generally a notable change is observed after the fourth seance. 
The dry patches alter in appearance, becoming smooth and slightly 
reddened, and the crusts and scales are shed and do not form 
anew. 

Sjogren and Sederholm have met with good results in weeping 
eczema, as also in cases of eczema with lichenification. The result 
was most striking in patients where there was infiltration and 
thickening of the dermis. 

Of twenty cases treated by Grow, eleven were cured. 

Scholtz also found that eczema is favourably influenced by radio- 
therapy. He noticed the disappearance of pruritus after a few 
stances in all the patients which he treated. In three very 
obstinate cases, with frequent recurrences, he obtained most 
striking results. The weeping and desquamation were speedily 
arrested, and the redness itself improved. 

In order to assure himself of the veritable action of the X-rays, 
he made some experiments on a case of symmetrical eczema. One 
side was irradiated, while the other side was treated with the usual 
external applications. The cure was much more rapid on the side 
which had been exposed to the X-rays. He therefore recommends 
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radiotherapy for the treatment of obstinate eczema, while al>fitain- 
ing from giving an opinion as to the infallibility of the method or 
the frequency of ret^urrence. 

IFilliwns has also obtained some success in the radiothera)>eutie * 
treatment of eczema. 

FniiiuFs experience lonfiniis that of Halm and Albera- 
Schiinberg. 

Grunmofh, V. Ziemsaen, Jidajisy, Sftarpe, Payne, Svhiff, Buivcn, j 
Pn^ey, ir. L. Heeve, and Gamlen also report satisfactory i-esults. 

It is probable, as Pusey says, that the X-rays influence eczema 
by stimulating the bio-activity of the cells. 

Moreover, the local irritation produced by the X-rays resemblei 
that which results from other therapeutic treatment. In certain , 
cases, as is well known, a satisfactory result can only be obtained 
by alternately irritating and soothing the affected skin. 

We have ourselves obtained a complete cure of the local lesions 
in cases of eczema. Most of our patients ai^ still under treat- 
ment, but there has been no recurrence in the i-egions which have 
been irradiated. Many were cases of weeping eczema, with slight 
inflammatory reaction. There can be no doubt that iri'adiations 
of moderate intensity comjiletely airest pruritus. The oozing ta 
also speedily dimiuiahed, and the inliltratiou Ijecomes less and 
finally disappears, after which the skin speedily regains its norinai 
appearance. 

Usually we give a dose of 3 H. or 4 H, to each eczematous 
patch. This dose may be modified according to the condition of 
the skin and the appearance of the lesion. 

When the disease is recent and very irritable, a dose of 3 H. 
should not be exceeded. If in the course of eight or ten days 
no amelioration has been produced, a second exposure may be 
given. 

A dose of 4 H. or 5 H. is retjuii'ed for a chronic patch of 
eczema, with thickening and intilti-ation of the skin. 

A single application is frequently sufticient. 

Some autliorities consider that all local treatment is useless, and 
that until the general health is improved constant local eruptioua 
will recur. In this opinion we concur, but there is nothing to 
hinder our giving careful attention to the general health in addition 
to local treatment Radiotherapy will in no wise replace careful 
regimen and hygiene. It takes the place of topical applications, i 
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and to deny its efficacy is to deny the utility of all ointments, 
plasters, and external applications whatever. 

What makes the X-rays so valuable is the fact that they are 
efficacious in certain forms of eczema which are rebellious to all 
other local treatment. It is in the more obstinate, chronic, and 
recurring types that they are most useful. 

We do not consider that the rays should be employed in acute 
eczema in process of eruption or in irritable cases. 

Radiotherapy is a means of treatment only to be used in excep- 
tional cases. 

Case 1. — Mme. H., aged fifty-one. The patieut exhibits a number of 
patches of weeping eczema, with infiltration of the dermis, llie itching is 
severe, and marks of scratching appear on the skin. 

February II to May 17, 1904. — The patient has had eight exposures on 
different patches, with rays of No. 5 penetration, and an average dose of 
4 H. to 6 H., according to the state of the skin and the extent of infiltration. 
The itching has ceased, the crusts have fallen off, the infiltration has disap- 
peared, and most of the patches are entirely healed. 

Three other cases have been greatly improved, but are still under 
treatment. 

October, — All the above cases are cured as far as regards the local lesions. 
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CHAPTER V 
THE ANALGESIC ACTION OF THE X-RAYS 

There is no doubt that when the X-rays are absorbed by a painful 
region they possess the power of alleviating the pain. 

In treating cancerous cases by X-rays in order to act on the 
neoplasm, we often find the pain is rapidly diminished, and some- 
times entirely disappears after the first few exposures. All 
authorities who have studied the question are in accord on this 
point. 

At the Congress of Angers in 1903, the report of GuUleminot^ 
Weily and Bhch was conclusive. In our own practice we have 
always seen a diminution of the pain even in those severe, wide- 
spread, and inoperable cases where alleviation was the only result 
to be hoped for. This of itself is a most important fact, and 
affords a clear indication for the use of radiotherapy in these cases. 

The pain usually ceases on the evening of exposure if this has 
been intense, or on the next day. The duration of freedom from 
pain varies considerably in different subjects, but on its recurrence 
a second slight irradiation will generally suffice to allay it. We 
are not in a position to say how long the treatment will prove 
efficacious, or if the action of the rays will in time wear itself out. 
This is improbable, however, as the tissues get more and more 
sensitive to the action of X-rays the longer the duration of the 
treatment. 

We may quote the case of a man who was sent to the Broca 
Hospital by Dr. Lermoyez^ suffering from an epithelioma of the 
ear, with invasion of the mastoid process and deep tissues in the 
neighbourhood. The case was inoperable, and the patient suffered 
horrible agony in the ear, which totally prevented sleep. By Dr. 
Brocq's advice he was treated by the X-rays, in the hope of acting 
on the neoplasm itself, and more particularly on an ulceration of the 
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external ear. The dose administered was about 5 H. or 6 H. 
On the next day the patient assured us that he had passed a 
better night. We gave a second exposure, in order to complete 
the prescribed dose of 10 H. For a period of two or three days 
the pain was slight and quite supportable, and the patient was 
able to sleep during the night. After each irradiation the same 
phenomena occurred. It would be better in a similar case to give 
fractional doses, so as to permit of more frequent irradiation, 
since a small dese of 3 H. or 4 H. is sufficient to produce allevia- 
tion of pain. 

Some statistical observations made by Skinner seem to show that 
the analgesic action is less certain in the case of deep-seated 
tumours than it is on superficial cancers. In our own experience, 
it has seemed to be equally beneficial in both cases. The following 
are Skinners results : 

Permanent relief of pain in 14 cases 
Temporary „ „ 2 „ 

Partial „ „ 8 „ 

No improvement „ 14 „ 

Cases where pain was absent 5 „ 

The analgesic properties of the X-rays has been used with success 
in other painful diseases. 

In 1899 Freund reports that Grunmach had most encouraging 
results with the X-rays in cases of neuralgia and articular 
rheumatism. 

In thirty-eight cases of neuralgia treated by this method, Stembo 
obtained twenty-one cures. The number of seances varied from 
three to ten, with a duration of three to ten minutes each. 

Freund reports a great diminution of pain in a case of severe 
trigeminal neuralgia where morphia injections had given no relief, 
whereas a second similar case proved refractory to the influence of 
the rays. 

AUtn and Bondurant report good results, as also does Hildebrandj 
who uses hard tubes for the treatment of neuralgia. 

In a case of trigeminal neuralgia treated by Gocht^ the amelioration 
was rapid, but the pain returned after some time. 

)V, Sweet of Philadelphia has attempted to prove a special 
action of the X-rays on the nervous system. According to his 
observations, the skin after intense irradiation loses a portion of its 
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vaKabintT. to that faxKrfic^ izx3*aoi» mkr be ntMie in it vithout 
tcMr paticsit fetrline zuadi pais. We hav^e Dera- met witli anj such 
phcsocjeooD in oar orn cxpenezwE:. 

It H qoite ciemr. tixo. that the X-rar§ exearue an azialfeac effect 
in catt:% other than cancer. In a patJent under oar care saffering 
from tabefe. who had a patch of mtaoeoos hrpenesthes^ on the back, 
a feir »ii^t irradiation? prodoced a notahie diminution of the pain. 

We have also leen a case of facial and inteicartal nenralgia Tield 
Twyidly to thi« treatnient : and B'u*rrit ha» reported similar cases 
at a recent «eaD(« of the Sorstrt*: de Dermatojogie. 

Certain painful etsisations oidinariiT described as Theomatic* also 
^ield to thif^ treatmenL 

m 

The results obtained br Darter and Zmivm br the artion of 
radium in tabetic cases are in confirmati<» of the foregoing ohscrra- 
tions ^ince the phenomefia are probablv of a similar nature. 

Some authorities think that the results are due to s(^;gesition^ ck* 
some such psvchic phenonKAa. This can hardij be the case. In 
cancer, for instance, the relief maj be due to a diminution of pressure 
on the nervous filaments, or are these influenced in a more direct 
manner? 

Unfortunatelv the sedative action for pain is not alwavs constant. 
Certain cases prove rebellious to the treatment, and it is impoasible 
to say a priori if it will be successful in a given case. 

Nevertheless radiotherapv is an easy method of treatment, and 
should always be tried in obstinate cases of pain, since even if it is 
not successful, it has no dangerous consequences to the patient. 

The tube should be placed at some distance from the painful 
region, so that it may be completely irradiated. The penetration 
of the ravs should be about Nos. 7 or 8, but this mav be varied in 
accordance with the position of the painful spot. 

The dose should be 3 H. to 5 H., according to the r^on to be 
irradiated, and the seances may be repeated every eight or ten days. 

It is advisable not to give a less dose than 2 H. or 3 H. at each 
exposure, since in some cases of carcinoma irradiation with veiy 
small doses of ^ H. to 1 H. appears to have been followed by an 
aggravation of the pain, due perhaps to a stimulating acticm of 
the X-rays. 

We must trust to the future to throw more light on the subject 
At present we can only record the results of observation, without 
attempting to establish a true pathogenesis. 
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other hand, they report a favourable result in a case of tuber- 
culosis of the skin. 

Of three cases treated by Piisey in 1901 two were cured, the 
cicatrices being soft and barely visible. H, R. Barney had ten 
successful cases out of twelve treated by this method. Bidklcy 
had good results in a severe case of lupus of the chin, and Bowen 
had several encouraging cases. 

SchoUz has treated several cases of lupus, among which were 
some of a very malignant type. In one instance he obtained a 
complete cure, which has already lasted over a year. He says: 
* We get successful results in cases of lupus which are quite 
incurable by ordinary therapeutic means. The treatment does not 
generally last more than a few months, and may be continued at 
the patient^s home. 

' The cosmetic results are better than those obtained by scraping. 
In benign and superficial cases a cure may often be obtained by a 
long-continued series of slight irradiations, separated by consider- 
able intervals, without the production of any severe dermatitis."* 

H, E. Gamlen considers that the result is in great measure 
dependent on the care with which the treatment is adapted to 
the varying requirements of each case. He usually exposes his 
patients to an irradiation of five minutes two or three times a 
week. At the commencement he endeavours to set up a slight 
reaction, which is increased gradually as the treatment progresses. 
On the question of recurrence he is silent. 

AUan Jamieson has treated a certain number of lupus cases. 
He considers phototherapy to be preferable to the X-rays. It is 
true the results of the former are slower, but the physician is able 
to avoid the serious accidental bums which sometimes follow radio- 
therapeutic treatment. 

G. E. PfaMer cured a case of lupus of the chin and lip which 
had invaded the mucous membrane. The lesions of the skin and 
of the mucous membrane disappeared at the same time, although 
the irradiation was given to the exterior surface only. 

UUmann has published several cases of lupus which have been 
greatly ameliorated by radiotherapy, and some of which have been 
entirely cured from a clinical point of view. 

In a case of recurring lupus in the neighbourhood of the ear, 
he gave an exposure of 5 H. with a soft tube, which resulted in a 
sharp reaction and superficial ulceration . 




At the end of three or four weeks the ulceration had hei 
and the lesion was greatly improved. The author ho]ie8 there n 
be no recuri'enre in this case, and considers the method of treat- 
ment a very practical one. 

He believes that better i-esults follow in the more exuberant 
forms of lupus, such as papillomatous forms of scleroa's iupu-s 
than in disseminated forms of nodular lupus vulgaris. 

Frettiid haJi published a case of lupus which was cured witho^^ 
any i-eaction other than a slight erythema, ^H 

' In plane varieties of tubercular lupus with ulceration,'' says Am^J 
biick, ' radiotherapy gives good results ; but Fiwicn's phototherapy 
seems to give even better results, both as regards a radical cure and 
from an wsthetic point of view. Hypertrophic forms of lupus should 
be treate*! at Hist by tlie X-rays, which produce a considerable 
decrease in the volume of the lesion, and afterwards by phototherapy. 

' It is very rare to entirely cure a case of lupus by radiotherapy, 
but it may Ije gi'catly ameliorated. In all cases tardy atrophic 
changes of the skin supervene, with discoloration and telangiectasis. 

'The irradiations are given only at intervals of one or two 
month-s, and at each exposure a normal dose of ^ H. to 4 H. 
is given; by this means the occurrence of too strong an inflam- 
matory reaction is avoided. Eight days after exposure the nodules 
begin to diminish in size, and the ulcerations to heal ; or, if the 
dose has been stronger — 5 H. or 6 H, — a fresh ulcerative process 
is set up, increases, becomes stationary, and tinally ends in atrophy 
of the skin. We have, therefore, a primitive atrophy, due to 
degeneration of the cells of the lupus nodules, and a secondary 
atrophy set up by the inflammatory i-eaction,' 

Holzknecht also distinguishes various forms of lupus, and lays 
down for each vaiiety the treatment which is preferable. 

He does not recommend the X-rays for the plane variety of 
lupus, with small, isolated nodules, since the results are not con- 
stant, and a cutaneous atrophy may be produced. In ulcerated 
lupus, without hyijerti-ophy, a dose of 3 H, may be given if it is 
to be followed by a course of Finsen's treatment. 

If Finsen tight is not used, the do.se may be increased to 4 H.. and 
this may be repeated two or three times until definite improvement 
supen-enes. 

In hypertrophic forms, with or without ulceration, there a 
distinct modes of procedure. 
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The fii-st iiietliod is seldom employed, although it is perhaps the 
better of the two. It consists in giving small doses of 2 H. at 
intervals of a fortnight for a period of three or four months, 
or until some improvement occurs. The ti-eatment is then inter- 
rupted until all intlammatory reaction has disappeared. The 
iiTadiations may then be recommenced if necessary. 

The second method consists in giving a dose of 3 H. to 5 H. 
once a month for a period of five to ten months. 

He add.s that a complete cure rarely follows without having 
recourse to the Finsen treatment in addition to the X-rays. 

In 1904 BecRre presented to the Societe de Dermatologie a 
patient suffering from lupus of the foot, which we had previously 
examined with him at St. Antoine, and which was greatly im- 
proved by X-ray treatment. As IJecIere said, ' Where the domain 
of ultra-violet light ends, there that of the more penetrating 
Koentgen rays begins.' 

In August, 1904, Dr. Augi communicated to the Congress of 
Grenoble two cases of lupus vulgaris cured by radiotherapy. The 
photographs, taken before and after the treatment, are very in- 
structive. Unfortunately, the author was not able to funiish any 
exact measurement of the quantity of rays absorbed. He treated 
the case with fractional doses in order to avoid reaction. He thus 
concludes : ' In spite of the success which is claimed for the sister 
treatment photo thera])y, radiotherapy is indicated in the treat- 
ment of all cases of widespi-ead lupus.' 

At the same congress Dr. Refjoul of Nimes reported a case of 
tuberculous lupus of the up[>er lip, whic4i was cured after a series 
of fifteen radio therapeutic exposures. 

Some authorities consider it advisable to combine other modes 
of treatment with radiotherapy, Thus Ga.ismunii uses pyrogallic 
acid, electrolysis, Hollander's procedure, or cauterization, as a<l- 
juvants to the Koentgen rays. E. Smalts, following Harper of 
Nottingham, recommends the administration of urea, while Giluion 
advises the use of high -frequency currents in conjunction with 
radiotherapy. 

In conclusion, the following authorities may l>e mentioned as 
having obtained more or less satisfactory results by this method of 
treatment : Illmmel, ThurmctUd, Spicgkr, Pang, Zienui»fti, Schtnkd, 
C. A'chmUI, Grunmat-h, Sliarpe, Hall-Edicards, Shokflcld, Ronti, 
Greenkqf, Jutassy, Neumann, Lion, SckeU^ Sjogren, Sederholm, 
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Ctari' iind Smiths Ge7jJter^J*7ne9r Knar, Lapinskij Kirmisson, Norman 
^ytdkcr^ JfuicufHokiu Van Durtj Jeney, Du Castel and Foveau de 
C(/t^rmelle,% J. th Xtibek^ Siefibevk\ P. R. Egau, G. H. Rodman, 
J. L\ Sitiatwe^ P. J. JforrrjTc^ MaUeyy Fox, Jamlen, Wild, Rockwel, 
ITtnnaird^ Hoffmann, DuhoL and others. 

Method of Procedure. — If one glances at the various 
publications relative to the treatment of lupus by the X-rays, one 
is struck by the great viunety of methods employed by different 
experimenters. In all cases the object is the same — viz., the 
destruction of the lupus nodules. This end is attempted by two 
distinct methods — either by producing a gradual effect, or by 
setting up a sharp reaction, followed by a super6cial necrosis of 
the integument. 

The first is the method of Sthiff^ Albers-Sch&nberg, Hahny 
CrniMn-w^ KnmmeL and others. Thev endeavour to avoid the 
production of acute dermatitis^ which is in their opinion not only 
us«4e^ but noxious^ and retards the cure. They seek to produce a 
$:iuple hypersemia. A slight swelling of the irradiated area, and 
WMtif espeiMally of the lupus nodules, follows, accompanied in certain 
ofese^ by some amount of pain. The congestion and swelling 
?(fie«dily passjes, the nodules diminish in size, the redness becomes 
M^ intense, and in ulcerated cases a white cicatrix without any 
*!^<(r:jiction remains behind. 

To attain this end they give exposures of from two to ten 
ittffltutes^ duration twice or thrice a week, and suspend the treat- 
itnratt on the appearance of any objective symptoms. WiUiam& 
iH: Vliii^on gives exposures of short duration, and thinks that the 
)wlt>!t«tt has nothing to gain from the onset of a violent reaction. 

"ttW «cond mode of procedure is to a certain extent a method 
<4:'Mtttitmzation, and consists in destroying the lupus focus at once 
liji- Netting up intense radiodermatitis and superficial necrosis. Lw?t 
\H^^S^>^ this mcth(K], which h&s also been carefully studied by 
Scjt4dit:» We quote his words : 

^ According to my clinical experience, supported by microscopic 
rMUuiiiations, I may assert that intense irradiations, followed by 
i*.\CiM'iation and ftuperdcial necrosis, are more efficacious than slight 
i'xpuMinM* By either method the process of healing is the same — 
«.c'.» iuflaiumatory reaction, breaking up of the lupus nodules, and 
replacement of the diseased tissue by a new formation — with this 
(liiftinmGe only, that the phenomena ai*e much more rapid when the 
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irradiation has been intense, and that the effect in this case is 
more marked in the deeper layers. 

' We do not understand/ he says, ' why operators are so anxious 
to avoid superficial ulceration of the skin, and we consider that 
intense irradiations are most efficacious in severe forms of lupus 
and many other diseases."* 

He warns the reader to avoid deep necrosis and gangrene, which 
may require months to heal, and sometimes even years. The 
superficial ulcerations consequent on this method usually heal but 
slowly, although in some cases the reparation is more speedy. The 
after-treatment dressings may be carried on at the patienfs own 
house. 

The cicatrices obtained in this way are fine and delicate, and 
have a slightly atrophic appearance. The results, although imperfect, 
are usually better than those which can be obtained by any other 
means. 

It must not be understood that SchoUz rejects in toto the gentler 
treatment advocated by Williams and KiivuneL He has made a 
comparative study of the two methods, which does honour to his 
critical sagacity. 

' In my opinion,** he says, ' it is impossible to lay down a uniform 
rule which is applicable to every case. 

*One cannot say, a priori^ which method will give the best 
results — that which sets up ulceration, or that which produces a 
moderate reaction. Each has its advantages and its drawbacks. 
In some cases there is a definite indication for one in preference to 
the other. In all instances the treatment should be individualized. 
It is in our opinion wrong to take as an axiom that all reaction 
should be avoided which would produce inflammation, excoriation 
or superficial sloughing. 

*The question whether we use a powerful irradiation and super- 
ficial sloughing, or more moderate exposures continued for a month 
or more, with interruptions, in order to avoid intense reaction, 
depends on the gravity or the benignity of the lupus, its position 
and the time at our disposal.'* 

In superficial and benignant cases of lupus, severe reaction should 
be avoided. The dose should be so proportioned as to produce 
only a faint redness, followed by a slight cedematous swelling. In 
most of the cases which we are called on to treat there is a good 
deal of infiltration, with ulceration of the nose, the lips, or the 
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skin, and the mucous uieinhrane is often involved. Fre<]uent]y t 
patients come from a distance, and can only remain for a few wee! 
in hospital. 

In these cases we usually commence at once witli irradiatioi 
powerful enough to produce necrosis of the affected region. Froi 
the atx)ve remarks it is evident that difTerent methods are judical 
with diftei-ent circumstances. 

In severe cases of hypertrophic lupus we may act with greati 
energy than is permissible in the case of benignant and superfini 
lesions. 

The destructive method is the more radical cure and the treat-- 
nient is of shorter duration, since it is sus})ended as soon as the 
dose necessary to produce ulceration has lieen given — unless, indeed, 
a second intervention is required to treat any lupus nodules which, 
may have escaped destruction. 

In FreuTuTs opinion, the patient does not derive any gi'eat benefit 
from the rapidity of this process. The ulceration following 
destruction of a large patch of lupus may take many months 
heal. In a case mentioned by Albtrn-SckiinbeTg, cicAtrization 
not complete<l till 130 days after the commencement of treatment 
The pain accompanying the ulceration is frequently so violent tl 
radiotherapy loses one of its chief advantages, its painlessness. 

At the Broca Hospital we have treated a certain number of' 
patients afi'ected with lupus, but our results hitherto have not been 
very satisfactory. The installation at our disposal does not admit 
of our treating any but severe cases, where other means have failed. 

As we have ah-eady observed, the X-rays exereise a selective 
action on lupoid tissue, which seems to possess a special sensibility 
to their action. The diseased tissue reacts more violently thau 
normal tissue, and the reaction is usually accompanied by more 
less pain. 

We have tried the two niethods^that by intense imtdiatioa< 
and that by moderate doses. It is most difficult to tell in advance 
the degree of i-eaction which will result from a given dose, especially 
if we are desirous of obtaining a certain degiee of irritation without 
producing ulceration. The susceptibility varies according to the 
situation of the lesion, its area, its depth, its appearance, the degree 
of infiltration and the state of the integument. Usually a dose of. 
8 H., of penetration Nos. 4 or 5, will produce severe erythei 
and slight swelling; but in one of our cases the same dose on 
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thin atrophic- skin of the arm was followed hy an ulceration of 
a month's duration. It is true that the more violent reattion was 
followed hv better results. This patient was subjected to a second 
irradiation of 4 H. or 5 H., producing further ulceration, which is 
onlv now undergoing cicatrization. 

A case of lupus tumidus non exedens, affecting the eyebrow, has 
been under our treatment for the last four or five months. It has 
greatly improved under a course of moderate exposures refteated 
every three weeks, with medium doses of 4 H. to 7 H. on each 
occasion. No ulcerative dermatitis has occurred, and at the present 
time there only remains a small j>ortion unhealed. This is an 
interesting ease, as this form of lupus is but little affected hy 
scarification, and the position of the lesion renders treatment by 
phototherapy very difficult. 

Another case of severe lupus of the cheek was exposed to an 
intense irradiation of 9 H., the reaction appearing after five or 
six days. The whole surface was reddened, turning grey after a 
time, and a superficial ulceration supervened. Cicatrization has 
commenced and the wound appears healthy, but it cannot be said 
that the patient is completely cured. The case is still under 
treatment. 

Taking into consideration the indications given above, we may 
now proceed in our attempt to fix the dose required for the treat- 
ment of lupus vulgaris. 

The X-rays should be of slight penetration, corresponding to 
Nos. 4 and 5 on Benoist's radioihromo metric scale. At each seance 
a dose of 3 H. or 4 H. may Ix; given, without pi-oducing more than 
a slight swelling and erythema. In order to set up superficial 
ulceration, a dose of 7 H. or 8 H. must t)e absorbed by the diseased 
lupus tissues. 

Some forms of lupus would seem to react more quickly tlian 
others. In lupus tumidus non exedens, and like forms, the dose 
should l>e greater than in ulcerative lupus. In the former case 
a dose of 5 H. or fi H. may be given in a single exposure without 
danger of dermatitis. A dose of at least this amount is required 
for the treatment of lesions which are deeply infiltrated. 

In hypertrophic cases, whether ulcerated or not, 4 H. or 5 H. 
may be alisorbed every fifteen or twenty days as long as violent 
reaction does not supervene. 

In smooth and uli-erated forms the rays often produce rapid 
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amelioration, but iu cases where the skin is ill nourished it i 
prudent not to exceed 3 H. or 4 H. if ulceration is to be avoid* 

The interval between the sureessive exposures may be twenty t 
twenty-five days, according to the severity of the inflaininatoij 
reaction. Although excellent results often follow energetic treatJ 
ment, yet in most ca.ses it is letter to l>e satisfied with a niodei 
reaction. Severe treatment should Iw reserved for those m 
obstinate eases in which moderate irradiations have been tried w 
only partial or temporary success. 

This opinion is shared by Lancashire, who considers that ulcen 
tion should, as a rule, l^e avoided, although it is frequently followed 
by a complete cui'e. In his opinion the irradiations should not 
follow one another too closely, since amelioration continues long 
after the ce.ssation of treatment. It is not necessary to push the 
exposure so as to cause uk'eration. With a reaction far short of 
this, the lupus nodules at first become moi'e apparent, and swell 
up, afterwards shrinking and softening until they are gradually I 
absorbed. 

Giussnumn is also of opinion that ulceration should be avoidedfj 
as it is a dangerous and painful procedure. A slough, even wheoT 
superficial, is always painful and requires a long time to heal. Iff 
the ulceration goes deeper, as is very possible, grave complicatiotu 
may arise, one of which is permanent disfigurement from scarrin^J 
The reaction therefore should in all cases be limited to the produo> 
tion of a moderate degree of erythema. 

The next question to be considered is the duration of a cours 
of radiotherapeutic treatment. 

As a result of our own experience, and the study of the reported! 
cases, we have come to the conclusion that radiotherapy alone i»\ 
but rarely capable of determining the cure of a lupus patch. 

At the commencement of treatment the I'esults are marked, and J 
one is often astonished by the rapidity with which amelioratioi 
occurs. 

After a time, however, the condition of the lesion becomel 
stationary. Under these circumstances the lesions should 
attacked by other mean s^t her mocautery or phototherapy- 
recommended by KiciilMck and Hohknecht. 

Indications for Treatment. — What are the indications forj 
radiotherapy — i.e., in what cases should it be preferred to otherl 
metliuds of treatment ? 
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Id Laiwanhire's opinion the X-rays are indicated in all cases of 
lupus vulgaris which are too extensive to be treated by Finsen's 
method. They should be used also in ulcerated cjtses with much 
cicatrical tissue, and when the mucous membrane is affected. 

Many authors agree with Xeumann in considering that the 
X-i-ays should \k reserved for ulcerative lupus of the fiice, isolated 
lupus nodules scattered through the skin, lupus of the aponeuroses 
and the muscles, and for lupus of internal cavities. 

Thirstan Holland, who has made a special study of the indica- 
tions for the use of the X-rays, agrees with WUlianvi that this 
method should Ije tried first, since the results are not so satisfactory 
when other tlierapeuttc treatment has preceded that of the rays. 
He recouimends radio therajjy, not only in chronic and obstinate 
cases, but at tlie very commencement of the disease, 

C. A. Greeideiif agrees vitb this view, and maintains that patients 
who have not been subjected to surgical interference are more 
amenable to the action of X-rays. In his opinion, the rapidity of 
cure is in inverse ratio to the seventy of the previous surgical 
intervention. 

Schiff, on the contrary, considers that extirpation, followed by 
grafting, is the ideal method of treatment for those circumscrilied 
lesions which are easily accessible. Radiotherapy, on the other 
hand, should be employed in cases of lupus esedens, in ulcerated 
forms, or when the mucous nienibranes or other inoperable tissues 
are invaded. 

Morris and /,. Dnore prefer the Finsen treatment, since in their 
opinion the X-rays rarely produce a complete cure. They are 
indicated in such cases as lupus of the mucous membranes, when a 
sharp reaction should be set up in the atlected region. 

In 1903 Srholtz, in a treatise on the treatment of skin disease 
by the X-rays nud by concentrated light, thus sums up the indica- 
tion for radiotherapy : 

' In lupus of the face without ulceration either phototherapy or 
the X-rays may be employed. In cases of ulcerated lupus raJdio- 
therapeuttc treatment should be preceded by the use of pyrogalHc 
acid ointment of gradually increasing strength. In severe and 
deeply infiltrated cases the treatment should be begun by curetting 
and the hot-air cautery, followed by the use of pyrogallic ointment 
in combination with the X-rays, and the cure should be completed 
by the application of phototherapy.' 
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Wild of Manchester gives the statistics of results obtained I 
rjuliotherapv anti by the Finsen treatment. Of twenty i 
treated by phototherapy, eleven were completely healed and I 
were improved, thus giving satisfactory results in 75 }>er cent, 
the cases treated. With the X-rays, of twenty-nine treated niri 
were cured and nine others were improved, thus giving good resulfl 
in 6Si per cent. 

The condition of the patient, as well as that of the lesion, miu 
Ije taken into account in considering the indications for X-r 
treatment. As regards the patient, we must take into consider^ 
tion his susceptibility, his position iu life, the time at his disposal, 
his age, his courage, and other factors. As regards the lesion, we 
have to consider its severity, its extent, its si tuation, and the variety 
of the disease. We see then that the indications for radiothera- 
peutic treatment are not identical with those for phototherapy ; 
the former can by no means entirely replace the older methods 
employed in the treatment of lupus. 

The effect of the X-rays seems to be analogous to that of the 
chemical rays of the spectrum ; they may therefore be supposed to 
act more or less in the same way as photo therapeutic radiations, 
both methods acting primarily by stimulating the production of 
cicatricial tissue. From a theoretical point of view the Finsen 
treatment would seem to be inferior to the Roentgen rays. The 
former necessitates the compression of the skin, which is most 
difficult to realize, whereas the latter acts at a distance, without 
any necessity for compression and its accompanying pain, thus 
enabling cases of ulcerative lupus to be treated with great facility. 
With radiotherapy a large sui-face may be attacked at one sitting, 
whereas the field of action iu Fin sen's treatment is much restricted. 
Even with the most recent apparatus, as perfected by Finsen, 
Lortet-Genoud, Broca-Chatin, Marie, and others, a long series of 
tedious seances is required, and the treatment may extend over 
months or even years. It is true that with the X-rays the treat- 
ment may be prolonged, but when massive doses are used, the 
patientsare not compelled to visit the hospital several times a week 
for months, as in the Finsen ti'eatment. 

Lastly, the Koentgen rays have a power of penetration vastly 
superior to that of the ultra-violet radiations, enabling them to 
act on the deeper layers, whereas the action of light is restricted to 
the more superficial tissues. Phototherapy cannot be of much use 
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in inveterate cases of lupus, which bare been frequently treated, 
and where there is a quantity of cicatricial tissue in addition to the 
lupus lesions, since the chemical rays will be arrested by the cica- 
tricial tissue. The X-rays, on the contrary, will readily traverse 
this, and thus be able to attack the deeper foci of the disease. 

To con ntei balance these theoretical advantages, radiotherapy 
has some drawbacks when compared with the Finsen treatment. 
Firstly, statistics of results are in favour of the Finsen treatment. 
As Lereddr has pointed out, the value of X-ray treatment has not 
been studied in a systematic manner. Some authors have obtained 
good results, while others have been disappointed. With regard 
to Finsen"s treatment, the reports are more satisfactory, but even 
here it is doubtful whether the cases of cure are as numerous, as 
complete, and as durable as is generally supposed. Our own 
experience at the Broca Hospital does not lend itself to any great 
optimism on this point. 

It is true that phototherapy is very imperfectly carried out in 
France, because we do not attach sufficient importance to those 
minute details which exercise so great an influence on the result. 

Phototherapy is much easier of application than radiotherapy. 
"With the latter there is always danger of serious bums, whereas 
with the former the chances of accident are practically nil, ' Radio- 
therapy,' says Projes-sor Rkder of Munich, 'is much more difficult 
to manage than phototherapy; it requires consummate skill in the 
operator, and demands a number of minute precautions. The 
patient should always be warned of the accidental consequences 
which may possibly follow its use. The dose must bo prudently 
regulated, and the exposure stopped at the precise moment when 
its longer continuation would be hurtful, a task which is rendered 
still more difficult by the period of latency which intervenes between 
the irradiation and the appearance of reaction. 

* It is true that an improved tei'hnique now enables us, for the 
most part, to limit the degree of i-eaction, and to avoid the occur- 
rence of uli-eration and sloughing. The ditt'erence of opinion on 
the question of curative reaction shows that the treatment is still 
in its infancy, and it cannot as yet claim any great superiority over 
the method of phototherapy. 

'Radiotherapy should be reserved for those cases of lupus in 
which the situation, the extent, or the severity of the lesions 
prevent the application of Finsen's treatment. It is also indicated 
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in those cases which have ah-eady resisted phototherapeutic treftt- 
ment. Piobably rapidly -spreading cases, which are not very amen- 
able to phototherapy, might also be treated more satisfactorily 
by the X-rays, Wlien we have had further experience, aiid the 
technique has been improved, it is possible that radiotherapy may 
revolutionize the treatment of lupus, and prove itself equal, and 
even superior, to photo therajiy." 

Histology. — Many investigators have studied the microscopic - 
appearance of lupus after irradiation, and have endeavoured to 
establish the pathogenesis of its cure, 

Himmil has ohserved the following appearances in sections on 
lupus nodules : ' A thin layer of epithelium limited an apparently 
homogeneous mass of a diameter equal to that of the lupus nodules. 
The outline of the epitlielial cells could not be dearly made out, 
and the chorion was apparently retracted. The connective- tissue 
fibres were thickened and transparent, and crowded together. Nor 
elastic fibres could be distinguished. In stained sections, the con- 
nective-tissue cells were retracted and faintly coloured, showing 
still more alteration in the vicinity of the smaller lupus nodules. 
The giant cells were smaller than usual, with here and there a small, 
badly -stained nucleus. 

' The epithelial cells were reduced to a fourth or a fifth of theiri 
normal size, and were of unusual form — retracted, homogeneous, 
containing a nucleus which stained very imperfectly. The leuco- 
cytes were heaped together in shapeless masses, and the boundaries 
of different cells could not be made out on account of their being 
so closely crowded together. In short, the microscopical esamina- 
tion showed that the superficial layers of the skin, the epithelium, 
a part of the dermis, and the lupus nodules themselves, were under- 
going a process of progressive degeneration and necrosis.' 

Hiieter found that the primitive lupus tissue underwent a trai 
formation into fibrous tissue, only a few gixiups of tuberculous cells 
remaining. The giant cells, the number of which was very marked, 
were chiefly situated at the periphery. Some nodules seemed to 
be composed exclusively of giant cells. The zone of leucocytes at 
the periphery of the tuberculous foci was much diminished 
entirely absent, thus leitving the latter closely surrounded by a,' 
layer of connective-tissue cells. The limit of the tubercles was, 
however, always sharply defined. No tubercle bacilli could be 
detected. 
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GiVMvnt demonstrated a considerable proliferation of connective 
tissue, forming a thick capsule around the tubercles. Under a low 
power this may be seen to be prolonged into the interior of the 
tubercles as a network with narrow meshes suiToundJng the debris 
of the lupus infiltration. Fusiform cells in abundance indicated an 
active growth of new connective tissue. Under a higher power, 
the epithelial and lymphatic cells were neen to be undergoing 
degeneration, which was manifested by a diminution in the nuclear 
staining, the bi'eaking up of the nucleus, and the production of 
vacuoles in the cellular protoplasm. Similar alterations have been 
described by Gaxsmaiin as occurring in the walls of vessels which 
have been injured by railiodermatitis. He considers the pnmary 
phenomenon to be hyperemia, leucocytic migration, and the forma- 
tion of new connective tissue, which in its turn determines the 
destruction of the lupus nodules as a secondary result, 

DouirekpoiU examined sections from a case of hypertrophic lupus 
of the cheek, which had been treated by X-rays for a period of 
ten weeks. Under a low power the tubercle is seen to be sur- 
rounded by a mass of leucocytes, and is i-eplaced almost entirely by 
connective tissue containing a few lupoid cells, with an occasional 
giant cell. 

In a prepaiution stained by Gieson's method, an abundant pro- 
liferation of the connective tissue is noticeable. The lupus nodules 
are encapsuied, and tracks of connective tissue penetrate to their 
centre, forming a close network around the debris of the lupus 
intiitration. A preparation stained by Weigert's method shows 
that these latter are not intact. There is a degeneration of the 
lymphatic and epithelioid cells, which is shown by vacuolatton 
BO pronounced as to give the preparation the appearance of a 
aieve. 

The following is apparently the mechanism of cure by radio- 
therapy : The hyperemia set up by the X-rays provokes an 
abundant migration of leucocytes from the vessels. As may be 
after a tuben-uline injection, the leucocytic infiltration com- 
mences at the periphery of the tubercular focus, and penetrates by 
auuTow tracks into the substance of the lupus nodules, being 
ultimately transformed into fusiform cells and fibrous connective 
'tissue. The presence of these fusiform cells bears witness to the 
Active proliferation of the connective tissue. The lupus cells 
degenerate by vacuolisation ; the nuclei lose their afUnity for stains, 
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necrose, and become absorbed, the diseased tissue being replaced^ 
by cicatricial growth. 

In Gocht's opinion, it is the superficial inflammation following 
irradiation that causes tbe destruction of the tubercle l>aci)li and 
the consequent cure of the diftease. In support of this theory, he j 
adduces the frequent improvement of a lupus patch after j 
eruption of erysipelas, 

Kiiviviel does not recognise any specific action of the X-rays on* 
lupus, but considers that the cure results from an electro-cheiniCB 
or tropho-neurotic effect. Ou the other hand, Albcra-Schi'mlKr^ 
admits the possibility of a direct action of the rays on the tubercula 
tissue, which might possibly be assisted by a slight hyperaimia. Hq 
denies absolutely the utility of a violent dermatitis. 

Svholtz has carefully studied the histological modifications whichi 
lupoid tissue undergoes during a course of radiotherapeutic treat*! 
ment. In opposition to Grmtvcn, Doutn-U-pimi and Gocht, 
believes that the pnniary phenomenon is the degeneration of thel 
lupus cells, and that the hypertemia and leucocytic migrations are 1 
due to secondary infiammatory changes. 

He examined fifteen lupus foci, removed from eight different 
patients. Most of these presented identical appearances, so that 
we need only describe one series of specimens. They are from the 
same lupus focus at diH'erent stages of the reaction atter irradiation 
— i.e., at the beginning of reaction, during sloughing, and after 
cicatrization. 

' The patch of lupus was situated on the chest ; the skin was con- 
siderably infiltrated, thickly set with minute nodules, and < 
with small crusts, 

'The treatment was as follows; From February 8 to March 1 
ten exposures were given, of eight to eighteen minutes' duration, a 
a distance of 35 centimetres. The irradiations were calculated t 
produce violent dermatitis after a few weeks, followed by a s 
iicial necrosis. 

On March 17 the patch was red and (edematous; the rednewl 
continued for eight days. Phlyctenule made their appearance a 
the centre of the patch. A small portion near the edge waftj 
exci.sed. 

' On nucroscopic examination, the epithelium appears degenerated J 
and homogeneous. There ai'e a number of phlyctenula' on thai 
surface of the skin, which is infiltrated with leucocytes and pm 
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cells, especially in the neighbourhood of the tuliercles. Most of 
the nodules have been absorbed. In their place we find a number 
of giant cells of abnormal size, some mononuclear ceils with swollen 
and dilTused protoplasm, and a large quantity of mononuclear and 
polynuclear leucocytes. The giant cells are 100 to 200 /t in 
diameter, and contain a numtjer of nuclei. They are badly defined, 
and seem more like irregular difl'use masses of protoplasm enclosing 
a number of nuclei with faint outlines. 

'The epithelial cells themselves are altered in appearance and 
badly defined, and frequently contain several nuclei. Their outlines 
run into one another, so that the nuclei appear to be situated in 
a homogeneous niass of protoplasm. 

'A second section was made from a piece of skin excised from 
the same patch on March 25, when the lesion was superficially 
necrosed. The slough presents the same structure as that described 
above. The nodules have undergone the same changes, but they 
are more accentuated. The destruction and absorption of the 
lupus nodules, their [jeoetration by leucocytic invasion, and the 
degeneration of the giant cells and epithelial cells, have all progressed 
a stage further. The leucocytes appear to play a preponderating 
rdle in the destruction of the lupus cells. 

' The third biopsy was made after cicatrization at the edge of the 
lesion, where a few doubtful nodules remained. The epithelium 
consists of two or three layers, forming a straight line on the 
surface of the dermis, without any interpapillary prolongations. 
The epithelial cells themselves present modifications similar to 
those already described; there is but little cellular infiltration of 
the dermis, and the fibrous bundles of connective tissue are delicate, 
well stained, and parallel to the surface of the skin. Here and 
there a few traces of the lupus nodules remain, in the shape of 
protoplasmic debris, with numei'ous nuclei. In some instances this 
nodular debris is suiTounded and penetrated by leucocytes, whereas 
in other situations it is limited and encapsuled by newly-formed 
connective-tissue fibi-es.'' From histological examination, as well as 
from clinical experience, Scholtx concludes that in lupus tissue, as 
in the normal skin, the X-rays set up a process of degeneration of 
the cellular elements, ami particularly of the giant cells, the 
epithelium, and the nuclei of the lupus itself, and that the 
phenomena of inflammation are the direct result of the degenerative 
process. 




This is in accord with Nehser's hypothesis, which makes 
inflaminatory phenomena follow as a consequence of the primary 
alteration of the tissue, and also supports lyi'tgvrfs conclusion that 
in the degeneration of reaction a modification of the tissues pre-^ 
cedes the inflammatory symptoms. 

We may therefore conclude that the cure of lupus — that is 
say, the disappearance of the nodules and the destruction of t1 
bacilli — is consecutive to the hyperemia and intlammation 
reaction. 

As Scholtz has shown, all idea of a bactericidal action falls to tl 
ground. The most important point in the cure of lupus is the 
localization of the inflammatory reaction, and its concentration 
exactly at the diseased point, in consequence of the degeneration 
the lupus nodules themselves. 

As Sckoltz and A^'hstr have pointed out, there is in this resj 
a resemblance between the action of the X-rays and that of tui 
culine, which also sets up inflammatory phenomena which are 
concentrated on the tuberculous nodules. The reactions to the 
X-raya and to tuberculine differ, however, in their further develop- 
ment. After an injection of tuberculine there is no 
degeneration of the lupus foci, but only an ephemeral reaction* 
which is probably purely inflammatory. After X-rays 
inflammatory reaction is of much longer duration, in consequent 
of the degenerative processes set up in the lupus nodul 

Conclusions. — It is impossible to say with certainty whethi 
the cures following X-ray treatment are permanent. Recurrences 
are frequent after surgical treatment, and still more often after 
phototherapy. It will probably prove to be the same with radio- 
therapy. If KajyosTs theory is coirect, a recurrence must be 
expected in all cases where the lesion has been cured by physical 
agencies. ' These,' he says, * cannot produce a cure, but only set 
up inflammatory reaction, due to paresis of the bloodvesseJi 
The absorption of any infllti-ation which has not been organi: 
follows in consequence of the increase in the lymph -stream.' 
his opinion cauterization or extirpation is the only radi 
since there will idways remain some debris of the morbid ft 
capable of producing a recurrence. 

Tkurntan Holland is also of opinion that in htpus the cure may' 
be more or less durable, but is rarely permanent. In a cose of 
lupus of the face cured in 1S99, a recurrence occurred after ti 
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years" interval. This, however, disappeared after a second series of 
irradiations. 

On the other hand, many operators have obtained results dating 
many years back, without any trace of recurrence. 

In conclusion, we may say that radiotherapy is not wholly satis- 
factory in the treatment of lupus, and that at present our results 
are not so conclusive as to nmkc lis prefer this method to the 
exchieion of all others. 

It ap])ears to be indicated in severe cases, in those which are 
widespread with much infiltration, whether ulcerated or not, 
and in those cases where other methods Iiave failed. Sclerotic 
lupus is especially amenable to this treatment. 

The irradiations should be given with greater or less intensity, 
according to the gravity of the lesions and the leisure of the 
patient, and severe radiodermatitis should usually be avoided. 

A moderate hypericmia gives results which are perhaps not so 
rapid, but which are much less disagreeable to the patient. Each 
case should be treated by the method best adapted for its cure, 
but we strongly advise the avoidance of superficial sloughing. 

Radiotherapy and phototherapy may often be employed in 
succession in the treatment of the same case, in order to obtain 
a permanent result. 

CitHE ]. — Mme. G., aged tweiity-eijflit. Lupus of the ri^ht ellxiw of 
four years' durBtiou. Hns been treated by pcrmaiijniuate of putsah without 
suecesft. The paUh, of tlie size of the hand, has an unhealthy appearance. 

Januaty 21.^D«e«, ■'i H. ; penetration. No. 5. 

January 22. — Dose, S H. ; penetration. No. S. 

Februtiry 3. — Sharp reaction and redness over the whole irradiated area ; 
the epidermia is beginning- to tic shed. The patient complains nf acute pain. 
Tlie lesion is dressed with linJmeiituin calcis. 

February 1). — The epidermiB is ahed, the bare surface is red and weeping, 
and the nodules have nltno^it dieap]>eared. Tlie pain is less violent Tliere is 
no sign of sloughing. 

April 2ii. — Cicatrization is almost completed. A small ulcerated spot, the 
size of a sixpence, remains. 'Ilie new skin is thin and atrophic, but without 
any lupus nodules. The ulcerated patch still looks unhealtljy. Another 
doM of a [I. is administered. 

JtiHf 1.— Tlie whole surface is much improved, hut cicatrization is not yet 
complete. There are hardly any noflules remaining. 

Lupus patches on tlie l>ack of the hand and on the face were likewise 
greatly improved by moderate doses of 5 H., without the production of any 
considerable reaction. 

The patient is not yet entirely cured. 
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Lupus Mrythematosus. 

We may discuss the treatment of lupus erythematosus here, 
as it is usually classed with lupus vulgaris, although it is not 
one of those dermatoses which are caused by a specific micro- 
organism. 

Radiotherapy has not given very encouraging results in the 
treatment of this disease, and the cures which have been reported 
are by no means conclusive. 

In 1898 Schiff and Freund treated a patient suffering from a 
lupus erythematosus of the face of the usual bat-like form. The 
left side was treated with X-rays, while the right side was left 
untreated. The irradiated area became dark red in colour, and 
the scales were more easily detached. The edges were flattened, 
and spots of a deeper red, of the size of a lentil, appeared on the 
surface. Gradually the infiltration disappeared, and the skin 
became smooth and normal. A zone of pigmentation surrounded 
the diseased area. 

Jutassy has obtained a cure in a case of lupus erythematosus of 
the nose and face. 

R. F. Woods also treated a similar case successfully. It was of 
four years'" duration, and was situated on the cheek. Five ex- 
posures of ten minutes each, repeated twice a week, were sufficient 
to complete the cure. 

Dr, James Startin also reports the cure of a case of lupus 
erythematosus of the nose and cheeks occurring in a young woman 
of thirty years of age. Six irradiations resulted in a complete 
cure, although a long course of treatment by external applications 
had been unsuccessful. 

J. A, Lee reports a case of lupus erythematosus of the nose of 
four years' duration, which was greatly ameliorated by radio- 
therapy. Eleven seances of ten to fifteen minutes'* duration were 
given, which resulted in a slight degree of reaction. In January, 
1901, Oudin presented to the Societe de Dermatologie notes on a 
female patient, twenty-nine years of age, who had a small patch 
of lupus erythematosus on each cheek. The case had been treated 
without success by Foumier^ Anderson^ and Crocker^ and had 
also been subjected to high-frequency currents at the sug- 
gestion of Dr. Brocqy without any amelioration. Oudin gave 
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the patient a serieH of X-ray irrtidiatious from June SO to 
July 12. 

June 20, first si-ance ... thirty seconds. 

„ SI, second si'ance ... one minute. 

„ SS, third seance ... one and a half minutes. 

On June iSi the amelioration was consi titrable. The jiatch was 
fiattened, and had almost entirely di^ppeaix-d by the next day. 

The si'ftiices were then interrupted for a time, and recommenced 
later on. A total of eight or nine st'ances was given, lasting from 
one to one and a half minutes each. 

The electric constants were as follows: A Rochefart coil was 
used, giving a 10-inch spark, with a current of i amperes at a 
pressure of ^H volts, and a break frequency of 20 interruptions 
per second, A Villard focus-tube with an equivalent spark of 
4 inches was employed, and the distance of the tube from the skin 
was 3 centimetres. 

On August 5, when the patient was again examined, the lesion 
was found to be completely cured. 

These results are somewhat surjmsing, considering the short 
time — five or six days — in which the lesions disappeared, whereas 
an ordinary' reaction usually requires at least eight or ten days. 

Instead of moderate exposui-es, Siholtz has employed energetic 

iri'adiations with good success. Phlyctenulic, excoriation, and 

slight necrosis ensued, but they all speedily disappeared, and the 

k' lesion healed, leaving a healthy scar. The cosmetic effect of the 

Rtreatment was very satisfactory. After the lapse of a few niontlis, 

Kiiowever, a recurrence made its appearance on the site of the old 

'esion. 

Scholtz then essayed another metliod, and gave some of his cases 
t treatment of a month's duration, employing feeble irradiations 
quently re[>eated. One of these cases was eventually cured, but 
inly time will show if the results are permanent. 

S/iigreit and Sederkohn set up violent initation, with redness, 
OCudation, and the formation of crusts. On the subsidence of the 
u:tion, the crusts fall ofl', leaving a smooth, sUghtly -reddened 
^in, from which the glandular orifices have disappeared. 

UUmann recommends a dose not exceeding 3 H. or 4 H. on each 
with an interval lietween the exposures long enough to 
prevent the occurrence of ulcerative reaction. 
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Freiind considers that ulcerative reaction should be avoided. 
He has had some good results, but the ti'eatmeiit often requires 
to he repeated on account of the frei|uency of recurrence. Schiff, 
Taylor, fiiihn, Xeiimann, Grouven, I.labena, antl l.inu have had 
the like experience, 

Fraimi believes that it is possible to insure a |jerinanent cure if 
the treatment is continued long enough. The cicatrix is smooth, 
white, antl level with the suri-ounding skin. In some cases, how- 
ever, the X-iayK appear to aggravate the disease, 

Gron has treate<l three cases of lupus erythematosus. In one of 
these a cure was rapidly effected, in one there was some improve- 
ment, and one was aggravated. 

Kaposi considers that the favourable action of the X-rays is due 
to their producing hypersmia of the tissues and degeneration of 
the inflammatory elements. 

It will he seen from the above reports how difficidt it is to 
estimate the true value of radiotherapy in lupus erythematosus* 
and to decide what quality of rays should be employed in it» 
treatment. 

In Kienbikii's opinion, heavy doses are required. If a cure 
is obtained, it is only as the result of a violent reaction and con- 
secutive cutaneous atrophy. 

From oiu- own experience, we quite agree with this view. We 
endeavoured to set up a sharp reaction. It is sometimes impossible 
to avoid overstepping the desired degree in consequence of an 
unsuspected sensibility of the skin. Under these circumstances an 
erythema has succeeded of a deep reddish-violet colour, followed bv 
vesiculation, weeping, and desquamation. Reparation soon set in, 
leaving a new skin, slightly atrophic in character, but apparently 
free from disease. After a time, however, in those places where 
the inflammatory reaction was least violent, new lesions appeared 
like those of the original disease. 

We had no better success in a case of J>r, Biclfre's which we 
treated at St. Antoine. It was an early case of lupus erythema- 
tosus involving the root of the nose. We gave moderate exj>osun?s 
of 3 H., but were unable to prevent the extension of the lesion. 
Subsequently Dr. Berlcrf treated the patient at his own house, and 
got better results by more energetic methods. 

A patient sent by Dr. Thihierge was greatly benefited, but not 
cured. This case, however, the most favourable which we have 
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met with, is not conclusive. The patient was enceinte, and it is 
not unusual to see lupus erythematojius diminish or even disappear 
during the course of gestation. In another tase, still under treat- 
ment, the lesions which have been irradiated are almost healed. 

We give doses of 5 H, and 7 11., in one or two seances, using 
rays of a moderate degree of penetration. It should be remem- 
bered that in this disease the skin is very sensitive to the action of 
the rays, and is apt to react violently. A dose of 8 H. should not 
be exceeded without warning the patient of the reaction which 
may follow. The length of the interval required depends on the 
condition of the skin, and is usually from fifteen to twenty days. 

In this most obstinate disease the X-rays do not seem to give 
any better results than other modes of treatment. 'ITiose forms 
of lupus erythematosus which are modified by ordinary means are 
also amenable to radiotherapy, with which we get more rapid, if 
not more durable, results. The more inveterate varieties do not 
improve without violent reaction, and even then the improvement 
is not always permanent. 

Lei>ra, 

In a certain number of cases the X-rays have been successfully 
applied to the treatment of leprosy. 

In 1901 Scfpiiira reported a case of tnberculated lepra which 
was superficially ameliorated by radiotherapeutic treatment, the 
nodosities becoming softer, and in some instances disappearing. 

De Itt Camp has not met with any success in the treatment of 
these cases by X-rays. 

Schoit:: has also treated two cases of leprosy without success. 
He was able to make a histological examination under the follow- 
ing conditions : 

* In order to determine the modifications following the treat- 
meat by X-rays, a small space in the centre of a nodule was 
irradiated. Six exposures were given, of ten minutes each, at a 
distance of 6 inches. 

'An erythema of the irradiated area followed, with no apparent 
result except a slight diminution of the nodules. 

'Five weeks after the exposure, the nodule was excised. Under 
the raicros(;ope the infiltration due to the disease was slightly less 
noticeable in the parts which had been irradiated. Dacilli were 
present in great numbers; they stained readily, but appeared 
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rather more granular than elsewhere. The X-rays had apparently 
produced no injurious effect on their vitality.'' 

In 1902 Oudin presented to the French Electrotherapeutic 
Society two cases of tuberculated lepra treated by radiotherapy. 
* The X-rays,*' he says, ' seem to have a specific action on morbid 
tissues, gradually causing their disappearance, without influencing 
the integrity of the healthy tissue in their neighbourhood. The 
reaction should not be allowed to pass the stage of erythema. 

* The patients I have treated are far from being cured, and I 
cannot recommend radiotherapy as the ideal treatment for lepra ; 
but undoubtedly where they have been irradiated the lesions have 
undergone retrogression. 

* Is the action of the rays microbicidal, vasomotor, or tropho- 
neurotic ? 

' It is difficult to frame any hypothesis on the subject, in conse- 
quence of the complex character of the lesions, and the existence 
of nervous and vascular alterations caused by the micro-organisms."* 

As regards technique, it is the same as that used in mycosis 
fungoides. Each diseased area should be made to absorb a dose of 
5 H. or 6 H. — i.^., the largest quantity of rays which is compatible 
with the integrity of the skin. This is the method we should 
adopt if a case of leprosy should come under our care. 



CHAPTER VII 

RESOLVENT ACTION OF THE X-RAYS ON NEW 
GROWTHS OF CONNECTIVE TISSUE 

Scleroderma* 

We have treated two cases of circumscribed scleroderma by radio- 
therapy. Our results, without being conclusive, are of some 
interest, as they are in accordance with those published by Barney 
in America. 

The two female patients under our care suffered from long- 
standing lesions of a very obstinate character. The patches of 
scleroderma were well localized, and had existed in one case for two 
years and a half, and in the other case for three years. All the 
usual therapeutic measures had been tried in vain, and electrolytic 
treatment had not resulted in any sensible amelioration. Both 
cases were submitted to radiotherapeutic treatment. The regions 
irradiated included a margin a centimetre in breadth round each 
lesion, while the healthy skin beyond this was protected by a lead 
shield. An average dose of 5 H. to 8 H. was given, with rays of 
penetration No. 5. No great reaction resulted, the redness being 
hardly visible. At the end of fifteen to twenty days there was a 
certain amount of pigmentation, which was darker around the edges 
of the patches. At the same time the irradiated skin lost its smooth 
and shining appearance, and became softer. 

A second irradiation was given three weeks after the first. 
This was followed by slight erythema and itching. The skin des- 
quamated, leaving a new superficial layer of more healthy appear- 
ance, and showing a rose-red colour in places, in lieu of its former 
white €Uid atrophic appearance. The skin appeared less tense, and 
here and there finely-crossed strias made their appearance. 

These phenomena were unaccompcmied by any visible reaction, 
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with the exception of a slight transitory erj-thema and a peripht 
pigmentation, which in some cases extended to the centre of 
irradiated areas. All the patients were benefited by a continuant 
of the treatment, consisting of a dose of 6 H. or 7 H. every thi 
weeks. 

From the absence of alt iiiHammatory reaction, we may concludt 
that a patch of skin affected with scleroderma is less sensitive to tl 
X-iays than normal skin. 

None of the cases arc completely cured, but the lesions are 
less extent, the skin is altered both in texture and in appearance,] 
and we look forward to a complete recovery in time. 

One of the patients, who was seen again in Octolwr last, 
completely cured. 

The treatment demands a great expenditure of time. Some of 
the cases which have shown improvement have already had seven or 
eight seances at intervals of three weeks. Electrolytic treatment, 
however, is equally tedious, and the results are not in any way better. 
Moreover, the treatment by radiotherapy is painless, whereas elec-j 
trolytic treatment is very disagreeable in spite of the comparativaj 
insensitiveness of the patches of scleroderuia. 

What is the rationale of this action ? May it not be due to 
stimulation of the normal elements of the integument, to the; 
detriment of the new formation ? 

It is well known that some patches of scleroderma are cured 
spontaneously, so that we should be cautious in attributing any 
amelioration to the influence of the X-rays alone. It may he 
noted, however, that the lesions which are most improved are those 
which have been energetically treated, whereas those which have 
not been irradiated are not modified in appearance. 

We may draw attention to the fact that in all our cases the 
afiection consisted of well -localized patches of morphoea. 

The treatment would be more difficult, if not impossible, iu cases 
of diffuse scleroderma, although even in these cases a certain amount 
of improvement might occur. 

We agi-ee with M. E. Pfahler, that in scleroderma the results of 
X-ray treatment are but small in comparison with the time and 
energy expended. 

Case I,— R., aged twenty-four. Sclerodernm of two and a lialf years' dnn- 
tion. Localized patuhea od tlio chin anil below the right ear. Hag been 
treate«l by electrolysis and high-frequency curreutu without result. , 
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The paUl] below the ear is of typical appearauce, white and strophic, atid 
measures S ceutiaietres by 1 ceutimelrc. It is treuteil by nuliotberapy, usin^ 
rays of penetration No. fi or 8. 

Janunry 8, 1004. — Se'aiiccof tweiity-tive minutes ; distance, 12 centimetres; 
quantity, 7 H. 

January 35. — No marked erythema, but a slif^lit amount of pigmentation. 
TliQ patient thinks the patch is softer. 

Irradiation of twenty-live minut«s on the same patcli. The quniitity absorbed 
is about 7 H. 

Frfiruary 11. — A certain amount of redness aud iteliing followed the last 
ifxpu^are. The skin has deaqoamated without any great reaction, and tlie 
new skin looks more liealthy, softer, more vascular, and not so atropine. 

A dose of (i H. is given with an exposure of twenty-five minutes. 

Miiech 4, l!K)4.— TTie lesion is improved. Two exposures are (tiven on cou- 
s(>i!utivo ilaya, the first of lifteen minutes' duration, and the second of ten 
minutes', the total quantity being li H. or 7 H. 

March 22.^T1ie appearance is satiafactciry, but without any great alteration. 
A dose of 6 H. or 7 H. is given in a seance of twenty minutes, using the static 
machine. 

Miin-h 23. — The patch ou the chin \s treated with a dose of 7 H. during an 
exposure of twenty minutes. 

April 13.— Slight reaction on the chin, 'llie patch below the ear is irra- 
diated with dose of 7 H. 

I'hc lesion on the chin is not so much improved as that below the car, which 
is leai atrophic, and, in the patieufs opinion, has ne\'er been in so satisfactory 
a condition. 

Case II.-~Mrae. Henriette, aged 'li. ^Scleroderma on the abdomen of three 
years' duration, which has been treuleil by thyroid extract and otiier methods 
without success. 

There are til ree patches — one on the left flank, one on the right flank, and a 
third smaller one in Scarpa's triangle on the right side. 

Xowmher 23, 1903.— The left flank is irradiated for fifteen minutes with 
rays of penetration No. fi, the equivalent spark being Sj centimetres in 

Xormihei- 26. — A second similar exposure is given, bringing up the total 
quautity to 7 H. or 8 U. 

Decniilirr Ih. — There has been no pain ; the irradiated patches are softer and 
leas atrophic, llie surface is covered with fine hatched lines. The skin 
ikround the patches is pigmented. 

An exposure of fifteen minutes is given on this and the following day, 
bringing up the whole amount to 7 H. or 8 H. 

Janunry 19. — The patch on the riglit thigh has improved. The patch on 
the right Aauk is exposed to two irradiations of lifteen minutes each, with a 
total quantity of 8 H. 

February 6. — There is marked pigmentation of the riglit flank. On the left 
flank there is some improvement, but a certain amount of reaction still per- 
sists. Two exposures are gi\'en to the left flank of flfteen minutes each, not- 
withstanding the persistence of pigmentation. 
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February 23. — Pronounced pipnientaticm of the riglit flwik. TTie improvft- 
meat is stationary. 

The left flauk itt reil. There is an equal de^^ree of pigmeiilatiua in tlks 
diseased area and oa the healthy skin. The lesion is somewhat smaller. 

On the right flank the skin \s more llexihle. 

An expoaure of (> H, or 7 H. is pven to the patch on the right Hank. 

Miireh 8. — A similar irradiation is given to the left lank. 

Mtirrh 26.— An irradiation of 8 H. of twenty-five minutes' doratdon o 
right flunk. 

All the lesions which have been treated are more or less ameliorated, but] 
none of them are completely cured. 



Keloid. 

One of the first successes of the X-rays in cases of keloid wai 
that by M. L. Heridiell Harris, reportttl by Williatns i 
Roentgen Kays in Medicine and Surgery." The keloid followe 
a surgical operation for tuberculous glands. The treatment ' 
completely successful. 

Barneif treated a stubljom case which had recurred three timet 
after surgical operation, with complete success. 

Dr. Fordyce considers that radiotherapy is useful in the treati 
ment of this disease, while FoXy Varnty, and W. L. Heeve ban 
also reported successful cases. 

Taylor has seen the X-rays produce notable softening of t 
cicatrix resulting from a severe burn. Finally, early in 1904 som 
favourable results were reported by Bmerii to the Societe i 
Dermatologie. At the Broca Hospital we have treated 
patients with good results, 

A violent reaction is to be avoided, and we seldom exceed a dot 
of 6 H. or 7 H. at each irradiation. The exposure may be repeats 
every fifteen or twenty days, according to the state of 1" 
integuments. 

The keloid begins to soften and diminish after the second ( 
third sL-ance, the surface becoming rose coloured, with a sligba 
amount of pigmentation. 

In one case, where the lesion was of no great extent, we obtainec 
an amelioration almost amounting to a cure. The patient hac 
a severe bum on the cheek as a consequence of excessive exposure 
to the Finsen light. The keloid disappeared after treatment witl 
X-rays, and at the present time its situation is hardly visible. 

In another case a considerable degree of amelioration has beenl 
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obtAined. This was aii enormous keloid which formed on the scar 
of a wound made by b. knife, and extended from the cheek to the 
More than half the lesion disappeared under the treatment. 
The remaining portion is soft, and we hope to see further improve- 
ment. Six apphcations, with a medium dose of G H. or 7 H. at 
each seance, were given during a period of five months. The 
neighbouring skin was protected by a lead shield which exactly 
fitted the diseased area, and no severe reaction resulted. 

Electrolysis had been previously tried, with the result that the 
lesion became still more noticeable in conNequence of the cicatrices 
left by the needles. In any case, treatment by electrolysis would 
have been much more tedious. In our opinion this should be used 
only in lesions of limited extent, whereas radiotherapy should be 
reserved for the treatment of those giant keloids which are occa- 
Bionalty met with. The treatment is not infallible, but usually 
gives very satisfactory results. 

(?ASE 1. — Mme. R., twenty-live jenrs of ajfe. Two years ago she receit'ed 
■ cut with a knite, vhich exteiiile<l from the labial commissure to the bock of 
the esT. A keloid appeared on the scar, (commencing 3 centimetres trom the 
mouth and extending as far as tlie lobe of the ear, wliere it divides into a 
Dumber of branches. 'Ilie lesion projects about half a centimetre above the 
Burface of the skin. 

Electrolysis, high frequency, and other treatment have produced no 
appreciable result. A cast of the lesion was ma<le, and from this an aiverture 
was cut in a sheet of lead, so as to leave the keloid bare, while protecting the 
surrounding akin. 

Nnrember 27, 190.'), ti, April 2U, liXlj.— Tlie patient has received six series 
of exposures. During each aeries the lesion has alisorbed (> H. or 7 H., thus 
giving a total do»e of 40 H. M'e were careful not to set up any reaction otijer 
than a slight erytliema, the patient being anxious to avoid all redness, as she 
could not remain confineil to the house. 

Man 28.— The keloid has diminished to a quarter of its former size, and in 
some ports under tlie ear is no longer visible. 

The patient is still under treatment, and we hope to produce a favourable 

Cask 11. — Mdlle. Et., aged twenty-two. Hie patient bas a small keloid on 
the riglit cbeek, which is slightly raised above tlie surface of the skiu, and is 
of the size of a sixpence. 

It was the result of a prolonged exposure to a lamp of the Broca-C'hatin 
model daring- a course of pliototlientpy for lupus of tbe cheek. 

From November 30, ItMW, to January 22, 1!)04, shy bad three irradiations, 
with an average dose of 3 II. or 4 II. on each occasion. 

Januartj is. — .After two exposures with a fortnight's interval, a phlyctenula 
appeared, followed bv tbe formation of crusts. 

SI 
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February 5. — ^The last exposure was given on January 22. The keloid is 
hardly visible. The skin is soft, with merely a slight atrophic aspect, scarcely 
contrasting with the appearance of the face. 

Case III. — Mme. V., aged fifty. The patient has a keloid on the dorsum 
of the nose, following destruction of an epithelioma by the actual cautery. 
Nothing is to be seen but the keloid, but we suspect there may be a recurrence 
of the disease underneath. 

March 11, 1904. — Rays of quality No. 5 ; dose absorbed, 8 H. 

March 31. — Considerable redness resulted, but this is now abating. The 
itching, which was very severe before the treatment, has ceased. The keloid 
is diminished in size. 

A fresh exposure is given : dose, 5 H. 

April 19. — Sharp reaction, with considerable redness and a small ulceration, 
the size of a lentil, in the centre of the lesion. 

April 28. — The lesion is cicatrized. Another exposure is given of 4 H. 

May 19. — A slight amount of redness still remains ; the keloid has almost 
disappeared, leaving a soft smooth cicatrix, which is hardly visible. 

The patient is still kept under observation. 



Sarcoma — Melano- Sarcoma. 

But few cases of sarcoma have been treated with the X-rays, 
and observers are far from being agreed as to the success of the 
treatment. 

For the last few years radiotherapy has been used in America for 
the treatment of sarcoma, but it does not seem to have met with 
the same amount of success as in the case of epithelioma. 

Tumure^ at the Columbia College, New York, has employed the 
X-rays in the treatment of this disease. The amelioration was 
only temporary, and the neoplasm continued to increase after a 
temporary arrest of growth. Vamey also considers the rays to be 
merely palliative in their action. 

Coley considers radiotherapy to be useful, and W, Newcotrib 
agrees with him, while noting that complications and metastasis 
sometimes occur. 

In 1902 Pusey published particulars of a case which was greatly 
improved by the use of X-rays. The case was a small round - 
celled sarcoma, which commenced at the angle of the jaw, and had 
invaded the neck on both sides. One side was treated by opera- 
tion, and the other by the X-rays. Rays of a very penetrating 
quality were employed, notwithstanding which a certain amount 
of dermatitis occurred. The tumour gradually diminished, and 
finally disappeared. 
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In 190+ an interesting discussion took place at the Medical 
Society of Vienna, apropos of a paper of A"u-iibikk''s. The patient 
was a female, thirty-eight years of age, who during the two pre- 
ceding years had undergone several operations of the nasal fos5« 
for successive recurrences of sarcoma which had invaded the 
pharynx and maxillary sinus. A histological examination left no 
doubt as to the nature of the disease, and the patient was 
inoperable at the date when she first came under Kienbiick'a 
notice. From October 15, 1903, to January 19, 1904, she re- 
ceived fifteen irradiations, with intervals of a week between the 
seances. The condition of the patient was greatly improved : the 
roof of the palate was raised, the cvehalls had retroceded, the 
sensation of hearing had returned, and the patient was able to 
walk atone. 

This is a most interesting result, although the patient was not 
completely cured. Kicnbiick ho|)es to get a satisfactory result by 
the use of a special appai-atus, which will enable him to cause the 
X-rays to act directly on the nasal cavities. 

The following is the opinion of this eminent specialist on the 
treatment of sarcoma by radiotherapy : 

'There are certain forms of sarcoma — for instance, round-celled 
sarcomata or endotheliomata of the face, originating in the nasal 
or buccal cavities — which are particularly influenced by radio- 
therapy. After slight irradiation they diminish in volume, and 
disappear — at all events temporarily, and perhaps permanently. 
A moderate dose is given with rays of great penetration, and an 
exposure of two or thi-ee minutes at a distance of 30 centimetres. 
In melano-sarcoma radiotherapy has also yielded favourable 
results. 

' Fortunately the cells of rapidly - growing neoplasms seem 
exceedingly sensitive to the Hoentgen rays, small doses of which 
will produce degeneration and destruction of the cells of the 
neoplasm without producing irritation of the superjacent skin. 

' We may ho[>e that other morbid processes in the iiiterior of 
the body may prove amenable to radiotherapy. The field is a 
wide one, and we trust it may be speedily investigated in a more 
thorough manner by future explorers." 

Following A'U-ttbikk's communication, Grmnnann cited a similar 
case of sarcoma which was rapidly cured by this method. Unfor- 
tunately, there was a recurrence in the course of a few weeks, but 

21—2 
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this appeared in a re^on which \md not been irradiated, so that it I 
does not negative the value of the treatment. 

Holskiucht considers that sanuma is more sen.'«itive to thel 
X-rays than epithelioma. This special sensitiveness facilitates theJ 
action of the rays on deeply-seated structures, as in sarcoma of ' 
the ovary, without injury to the superficial tissues. Deeply-seated 
epitheliomata are more refractory, and are not so readily affected 
without injury to the superjacent skin. 

FreitJul does not afjree with this view. Iq his opinion sarcoma 
is not so readily attacked by the X-rays. He cites a case of 
generalized cutaneous sarcoma which he treated for many weeks, . 
without producing any effect. 

According to Motion, sarcoma is acted on in the same manner s 
epithelioma, and under the same conditions. Two of his cases are ' 
reported in the British Mcdkid Journal for April, 1904. One was 
cured ; the other was improved, but was !iubNe<]uently Icjst sight 
of. The X-rays act in all probability hy obliterating the smallec . 
bloodvessels, since the lesions ai'e verv vascular, and their develop>J 
ment is dependent on an adequate supply of blood. 

Jti'uler also obtained good results with X-rays in a case (rf'f 
sarcoma of the left nostril. 

Mertens reports the case of a girl of eleven years of age suffer. J 
ing from a sarcoma of the right scapula of nine months" duration, I 
The tumour was of the size of the fist, with enlargement of th»l 
cervical and axillary glands. Ablation was attempted, but the \ 
operation had to be abandoned in consequence of collapse. Tlie I 
operation showed an invasion of the si^apnla and the subscapularis I 
muscle. On microscopical examination the tumour proved to be a I 
small -eel led sarcoma. 

After ten days a recurrence made its ajipearance, and radio> I 
therapeutic ti-eatment was begun four days later. A hard tube J 
was used, and an exposure of six minutes was given once a day for J 
a fortnight. Afterwards an exposure was given every other day. 

The tumour began to diminish in size after six exposures, and'] 
on the tenth day it had entirely disappeai'ed, while the cervical 1 
and axillary glands had disappeared by the fourteenth day, I 
Twenty exposures in all were given, and at the end of the treat-] 
ment only a small swollen ganglion remained at the posteriori 
border of the stemomastoid musi'le. Six weeks later there were | 
no signs of recurrence. 
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The lint^ar cicfttrix due to the operation became thin and bluish 
in colour, and was markedly increased in breadth, thus shuwiog 
that the X-rays can influence the newly-formed tells of cicatricial 
tissue. 

In another case the author was not so successful. An acute 
dermatitis was set up, and the treatment had to be suspended ; 
metastasis occuiTed, ami the patient died. 

MunUe considers that the results obtained by radiotherapy in 
the treatment of sarcoma are not so brilliant as those which have 
been reported in epithelioma. Surgical treatment is also unsatis- 
factory in these cases. He advises i-ecourse to operation in cases 
of limited sareoma. Where surgical intervention is contra- 
indicated on account of the multiplicity and extent of the lesions, 
he advises radiotherapy, combined with the subcutaneous injection 
of arsenic or toxins by Coley's method. 

Alt Kmgiiis has treated with the X-rays a man suffering from 
a large sarcoma of the scalp, involving the periosteum. In the 
year 1901 the patient had undergone an operation, which was 
incomplete. In 1903 a i-ecurrence appeared, involving the occipital 
region, and a second operation was performed with but partial 
success. The microscope showed the usual elements of a round- 
celled sarcoma, in which were interspersed polymorphous cells and 
some giant sarcoma cells. 

At the end of two months' treatment by radiotherapy the 
nodules had disappeared, and four months afterwards there were 
no signs of recurrence. 

In 1901 Brucq, in a discussion at the Societe de Dermatol ogie, 
maintained that radiotherapy shows its most marked effect in the 
treatment of soft sarcomata affecting the thorax. 

SahoHTam! also rec-ords a case in which the lesion began to dis- 
appear after the absorption of a quantity of X-rays equal to 
16 H. 

Leredd€ doubts whether these arc true cures, or merely due to 
absorption of the oedema and shrinking of the cellular elements 
of the lesion. Careful histological examination can alone give an 
answer to this question, but Sabouraud points out that in this 
case even the microscope cannot give a definite answer. 

Dar'icr rejwrted a case in which he performed a plastic operation 
after the apparent cure of an epithelioma by removal. He found 
evidence of epithelial growth, which had occurred since the removal 
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of the tumour. This histological recurrence had existed for more J 
than four years without giving rise to any signs of clinical J 
recurrence. 

On June 10, 190-1, Dr. BicUre presented to the Soc-iete Miklicale I 
des Hopitaux a patient cured of a sarcoma of the superior maxilla, I 
which had returned after two surgical operations. We reprodui 
here the notes of this case, with which he has kindly furnished us, 

The case was one of maligncuit sarcoma, the diagnosis of which 
was made by P'ltry and confirmed by Pnifvssor Tripkr. The great 
vascularity and the character of the small round cells composing 
the tumour bore witness to its malignancy. 

In consequence of the non-success of ordinary treatment, the I 
patient was put under radiotherapy. This had already been begun J 
at Chambery, with encouraging results. Before each exposure a 1 
subcutaneous injection of quinine was given. 

The patient was sent to Dr. Beciirc by Dr. Walthcr on January 6, | 
from which date an irradiation of 3 H. was given every week. On I 
March 2, after nine exposures, the circumference of the affected j 
cheek had diminished by Si centimetres. After April 6 the ex- 
posures were given once a fortnight, and at the beginning of May i 
the case might \}e considered cured. 

On the last eleven occasions, half an hour before the seance com- J 
menced, the patient was injected with 3 grammes of bichloride t^l 
quinine. 

' It is impossible to doubt,' says Dr. Bk-Ure, ' that the dis- 
appearance of this tumour was due to the Roentgen rays, since the 
improvement commenced from the date of their first employment, 
whei-eas neither arsenic nor quinine had produced the slightest 
effect, though given in many forms and for a long period.' 

It is a question whether the cure should be attributed to the j 
rays alone or to these in combination with the quinine injections. 
With regard to this question Birlire says : ' The use of quinine 
injection as an adjunct to the rays was first introduced by Morton I 
of New York, The question of the action of tguinine on the j 
neoplasm did not enter into i-onsideration, the theoretic idea which j 
guided Dr. Morton Ijeing a totally different one.' 

' It is well known that reinforcing screens are used in order to 
lessen the time of exposure in radiography. ITie photographic 
plate is covered by a fluorescent screen — i.e., one that emits visible 
radiations when exposed to the X-rays. By this means the pho- J 
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togmphic plate is more rapidly alfected, or rather it is more forcibly 
impressed in the same space of time. Dr. Mortoi^g idea was to 
introduce a sort of reinforcing screen into the tissues themselves. 
This he attempted to do by injecting into the blood a solution 
capable of fluorescing under the action of the rays. In this way 
the cellular elements would be exposed not only to the X-rays, but 
to luminous radiations, and the violet and ultra-violet rays 
which are produced by fluorescence. Various Huorescent substances 
might be used. Morton prefers bichloride of quinine, which he 
injects into the tissue half an hour or an hour before irradiation. 

* It would seem that the commencement of the amelioration at 
C'hambery coincided with the time when the injections of quinine 
were used in combination with the rays, whereas the case remained 
stationary during the period when the X-rays were used alone. 
Looking at this case alone, I should be inclined to think that 
Morton's procedure was eHicacious, but the results of other cases 
leave me in doubt.' 

BifUre thus concludes : 

'The specific and elective action of the Roentgen rays is shown 
equally well in sarcoma and in epithelioma. This selective action 
may be exercised on the neoplasm without injury to the healthy 
skin which covers it." 

Dr. Heboid of Nimes communicated to the Congress of Grenoble 
a case of cystic sarcoma of the lower jaw, treated by radiotherapy 
after surgical intervention had failed. Cystic development had 
occuri-ed in the skin and mucous membrane of the mouth. After 
some twelve exposures these entirely regained their normal appear- 
ance. In this case radiotherapy was used as a prophylactic measui-e, 
showing that surgeons are beginning to use the X-rays as a means 
of obviating recurrences after operation. 

We have ourselves treated several eases of sarcoma with very 
satisfactory results. 

In a case of primitive difTused sarcoma of the dorsal region, a 
few irradiations produced a complete disappearance of the tumours ; 
hut we unfortunately lust sight of the patient, so that the case is 
not conclusive. 

Another patient presented on the right thigh a number of reddish 
vascular tumours, which were raised, soft, and sareomatous in 
character. The lesion was limited to the skin. We began the 
radiotherapeutic treatment with a dose of 9 H. or 10 H. This 
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produced a sharp reaction. A\Tien this had subsided, the tumours 
were found to be flattened and paler in colour. A second irradia- 
tion of less intensity was given. At the present time only a little 
redness remains, but the skin is not elevated, and although the cose 
cannot be said to be cured, it is wonderfully improved. Analogous 
results were obtained in a sarcomatous lesion of the left thigh. 
There were in thi.s instance no raised tumours, but the whole lower 
third of the thigh was invaded by a hard, led, infiltrated tissue, 
which on microscopic examination pi-oved to be sarcomatous. 

Moderate irradiations were given, and the improvement is most i 
marked, although the patient is still under treatment. 

At the pi-esent time we have under our care a woman who | 
was operated upon by Dr. Wallher for a ■sarcoma of the parotid, 
in which recurrence appeared sis months afterwards. The case 
«'as inoperable. At her first visit we found four large hard tumours 
occupying the parotid, temporal, and auricular regions, together 
with the helix of the ear, all of which were adherent to the deeper 
structures. The diagnosis was one of chondro- sarcoma. The 
patient had already been treated by radiotherapy by two physi- 
cians, in spite of which the lesion was progressing and the pain 
was increasing in intensity. A dose of 9 H. was given in two 
successive seances. The patient returned in a fortnight. The 
tumours were modified, and the pain had abated. A second dose 
of 7 H. was given, A fortnight afterwards there was evidence of 
sharp reaction. In places the epidermis was separated, hut in the 
patient's opinion the tumour had diminished by one half. Her 
general ajipearance was improved, and the skin of the face, which 
had been stretched by the tumour, had regained its fiexibility in 
consequence of the subsidence of the sarcomatous elements. 

After some time a new ex)Kisure was given, and the patient 
remains greatly improved, although not entirely cured. Her 
general health is much better, although her weight has not altered. 
At the present time only a small swelling remains, which is still 
decreasing in volume, and everything points to its complete dis- 
appearance. The general health is good, and the pain has entirely 
ceased. 

She is still under treatment, with an irradiation of 5 H. repeated | 
once a week. 

Blgxeni has kindly sent us notes of two cases affected with 
melauo-sarconia. Tlie first is that of a man with a melano-sarcoma 
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of the breast, with ulceration and cracks, with fcetid, sanious, and 
purulent dischajge. The axillary glands are enlarged. Tbe lesion 
was irradiated with raj-s of penetration Nos. + or 5, and a dose of 
9 H was given. A fortnight afterwards a second exposure of 
similar intensity *as given. A sharp reaction supervened; the 
edges of the tumour became less marked, and altered in consistence. 
After a time cicatrization commenced, and the axillary glands 
disappeared. Three itinnths later there only remained a soft 
tumour of the consistence of a hponia and of the size of a five- 
shilling piece. There were no signs of ulceration, and the pain 
had entirely disappeared, A fresh irradiation of 4 H. was given, 
and there is every pros]>ect that the case will still further improve. 

In the second case, that of a woman, an entirelv dilferent mode 
of treatment was followed by good results. The doseis were much 
smaller and more frequent, and all reaction was sedulously avoided. 

It would seem, therefore, that under similar circumstances sar- 
coma, or at all events certain forms of sarcoma, are ati'ected more 
rapidly than epithelioma. 

The following is the method of procedure. If the lesion is a 
serious one, it is well to proceed as rapidly as possible, giving the 
greatest quantity of X-rays compatible with the integrity of the 
integuments. 

We may give a dose of 4 H. or 5 H. at a single sitting, with 
rays of |>enetration Nos, 8 or 9, and then wait a week before pro- 
ceeding further. This is the procedure employed by Dr. BMcre 
at St. Antoine, It is an excellent nietliod, to which there is 
only one objection — viz,, that a second application is given l)efore 
the inflammatory reaction due to the first exposure has entirely 
ceased. Hence, after two or three irradiations the skin becomes 
inflamed, and the treatment has to 1» intermitted. 

The method which has given the tjest results in our hands is a 
similar one, with the exception tliat we increase the dose to 6 H. 
or 7 H., given in one or two consecutive sittings, according to the 
region affected and the state of the integuments, and that an 
interval often to fifteen days is allowed to elapse between succes- 
sive irradiations. 

If the lesion is a very serious one, and is extending rapidly, the 
dose of 7 H. may be increased, but dermatitis will usually follow. 
This dose of 7 H. should not Ije exceeded only in exceptional 
cases, where the gravity of the condition seems to demand it. 




The reaction should be !slight,consisUiigof erythema of a greal 
or less intensitVj which should rafely pass on to superficial 
tion. Ulcerative i-adiodermatitis should in most cases be sedulously 
avoided, as it retards the progress of the treatment, and has no 
beneficial effect on the patient. 

There is no need for alarm if a slight ulceration is produi 
since this will rapidly heal. 

1'he penetration of the rays should vary with the nature of the 
sarcoma, its situation, and its depth. Generally we employ rays 
of quality Nos, 7 and 8, while some authors recommend those corre- 
ponding to Nos. 10 or 11 on Benoists scale. We see no objection 
to the use of these more penetrating rays. 

In cases of osteo- sarcoma, rays of penetration Nos. 9 or 10 should 
be used, and the skin may be covered with a sheet of aluminiui 
foil to absorb the less penetrating rays. In this case the Holzkni 
pastille should be placed below the metal foil. 

We are convinced that in these cases, as in many others, massirei 
doses should be used. In the case of chondro-sarcoma mentioned 
above, the patient had been treated without result by two difiereot' 
practitioners, who used exposures of only a few minutes' duration, 
repeated two or three times a week. Instead of showing signs of 
diminution, the lesion continued to increase in size. After he came 
under our care, two or three stronger exposures were sufficient to 
cause a wasting of the tumour, which decreased in volume by mare 
than one-half. The improvement still continues, and there is every 
hope of a complete cure. 

As regards the effect on the general health, in all the patients, 
which we have treated the result has been excellent. In none of' 
them have we noticed the slight toxiemia described by some 
authors ; on the contrary, their appetite improved and their weight 
increased. They had neither vertigo nor fever, which, according to 
some observers, follows the reabsorption of the elements of the 
neoplasm. These symptoms are probably due to nervous im* ' 
pressiuns. 

In conclusion, we may say that certain cases of sarcoma a»v 
rapidly ameliorated, and even cured, by the X-rays, so far as ther 
objective symptoms are concerned. In other cases the di 
resists treatment, and no results follow radiotherapy, except the 
diminution of pain. 

To what is this difference due f 
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It is evident that lesions which are widespread, and invade the 
deeper structures, are not likely to be so favourably influenced as 
more superficial and localized disease. Apart, however, from size 
and position, there would appear to be fundamental differences in 
the manner in which lesions identical in appearance react to 
irradiation. 

The cause of this difference must be sought in varieties of form 
and evolution which aie but little understood. The group of the 
sarcomata includes a number of neoplasms with well-marked 
differences. We hope that histological esaminations may throw 
some light on the subject, and enable us to give more precise 
indications for radiotherapeutic treatment. It is well known, how- 
ever, how diflicult, not to say impracticable, are these investigations. 

We are far from giving radiotherapy the preference over surgical 
intervention in cases of saixoma. 

The growth should be surgically treated in all cases where the 
disease can be totally removed without excessive mutilation. 
Iladiotherapeutic treatment should be begun a few days after 
operation, even before the completion of cicatrization, in order to 
avoid a recurrence of the gi-owth. Slight exposures of 3 H. or 4 H. 
should be given in the course of a week, and this may lie done 
without removing the dressings. The treatment should be con- 
tinued once a fortnight for two months after the wound has 
completely healed. 

At the smallest sign of recurrence, radiotherapeutic treatment 
should be commenced afresh. 

In cases where surgical intervention is possible, but the extent of 
the disease prevents the complete removal of the affected tissues, 
an operation should still be performed, and this should be followed 
by careful radiotherapeutic treatment. 

In operable cases radiotherapy may determine a complete cure, 
if the lesion is not too widely spread. 

Even where a successful result is not obtainable, it will reduce 
the pain, and may even to a certain extent arrest the evolution of 
the disease. It is, at any rate, an excellent palliative treatment for 
relieving the sufferings of the patient. 

Cask I. — M. D., tailor, thirty-seven years of age. l^arcoraa of the dorsal 
region that be^i live months ago hy a small blue patch, which hecsme violet 
and yellow in places and gradually increased in size, 'lliia was accompanied 
by considerable itching, and the lesion, which was flat at lirst, gndatHf 
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became raised above the surface of the akin uutil the relief could \ie felt by:; 
tlie fiuger. 

Ilie appearance of the lesion is showu in PIat« V't, The tisanes are hi 
a[id infiltrnted, and the coloratioti h dark red, tike wine lee$. 

iJctotiTT 20. — Rapid enlargement of the glands in the cen'ical, occipital, 
axillary regions. Purpura of the neck. 

'Ilie tumours, three distinct towellings, were irradiated »eparat«ly. 

Dfrrtu'ier 20.— Duration, fifteen minutes ; distance, 10 irentimetres ; ra] 
No. f! ; dose, 4 H. or .5 H. 

Df.cemher 30. —Duration, ten minutea ; distance, 10 centimetres ; ni] 
No. « ; doMe, 3 H. 

January 12.— TTie taiDOurs are smaller. Some infiltration of the 
remains- It is of a violet-red colonr and covered with scales. 'Die itehi 
has ceased. The surface is qnite flat and amooth, instead of htAfif^ nodular 
before. At the left lon'er margin of the irradiated area is a small 
about I centimetre in diameter. It lias probably escaped the action nf 
rays, being at the periphery of tlio lesion and covered by tlie lead slii 
Tliis small area is irradiated tor ten minutes with a dose of 'A H., the rea 
tLe tumour being protected by a lead shield. 

January 'I'i, — llie tumours have entirely disappeared, including; 
one irradiated on the last oceasion. 

Tlie skin is still violet-red in colour, but is no longer infiltrated. 

tlie second photograpli iliows the diseased rejfioii at this date. 

The patient has not since returned, although wit hod intended to treat the 
enormous concomitant adenopathy. 'ITiis had not diminished, and was probably 
due te leiikcemia. 

Case II.— Mine. V. li., aged forty-seven. Cutaneous sarcoma of the internal 
surface of tlje right thigh. The diagnoeis was confirmed by histolt^nca] 
examination. The lesion is !) centimetres long- and 5 centimetres broad, and 
of n reddish-violet colour. It is of soft consisteticy, and irregular in outline, 
and projects (i or 7 millimetres above the surface of the skin. A nmiUtPj 
legion is to be seen on the lower part of the left le^, but tliLs is of very difF« 
appearauca 

February 11, l!)04. — ^An irradiation of !l H. is given to the right thi^h nil 
rays of No. S penetration. 

Mumh 1. — Bright red colour; a certain amount of itching; the tumt 
seems to be somewhat flattened. 

Miiri'h 18. — Tliere are signs of considerable reaction. The epidi 
raised in phlycteuulie, which break and give issue te a seropuruleut fluid. 
Tlie whole surface is covered with crusts, but the skin is less infiltrated. 

April 21). — The reaction has abated. Tlie lesion is modified in appeannce^ 
but still exists, with a certain amount of infiltration. An irradiation of 8 
is given. 

Miiy Hi. — Sharp reaction has occurred, which is now subsiding. 

Jiitie 1. — llie lesion appears cured. Tlie redness has disappeared and ti 
infiltration is hardly noticeable. The area previously occupied by the le^on tl 1 
quitellat. A fewBcalesstill existon thesnrfoceof theskin. All pain has ceased. | 

The Ion leg is also improved. 
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lApoma— Tier cum* H DiHcase. 

In July, 1904, Bnndet presented to the Medical Society of 
Lyons a woman affected with Dercum's disease, in which numerous 
Hpomata occurred and had been satisfactorily treated by the 
X-rays. 

The ease was a typical one of the disease, with soft, disseminated, 
painful tumours. The pain wa.s exceptionally severe just before 
the appearance of the tuinoui-s, and warned the patient of the region 
where a tumour was about to form. 

Various methods of treatment had been tried without much 
result, although some of the tumours had apparently diminished 
under the use of thyroid extract. 

In March, 1904, Nogkr began radiotherapeutic treatment on 
some of the larger tumours. 

One of tliese, situated on the right arm, showed a diminution in 
circumference of 48 millimetres after Kfteen exposures, with a total 
duration of 140 minutes. 

Two others diminished considerably after thirteen exposures. 
During the two months the treatment lasted, the patient had lost 
2 pounds in weight. 

The result is remarkable, but as iodine was administered inter- 
nally during the course of the X-ray treatment, the case is not by 
any means conclusive. 

The author says : ' It is difficult to determine what role radio* 
therapy played in the amelioration which began during the 
administration of tincture of iodine, but was greatly inci-eased 
when the X-rays were ased. It may be that the improvement 
was due to the action of suggestion on a neurotic patient, but I 
do not think that this is the case.' 

M. Bklirre has had occasion to treat a patient suffering from 
the same aifection. The results of the treatment were, however, 
not very brilliant. 

The dose to be employed varies between 3 H. and 5 H. at each 
seance, and may lie repeated every week. This dose might be 
increa.sed to 7 II. or 8 H., when the interval should be also 
increased to twelve or fifteen tlays. 

We have hatl no jwreonal experience of this treatment. 
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a special type are found groupod around the larger vessels 
glands. They form well-defined nodules, with prolongations 
bounded by connective tissue. The rells themselves are of large 
size, having a basophile nucleus and clear and abundant proto- 
plEism. Owing to mutual pressure, the cells are polygonal or 
irregularly I'ounded in form. In some cases a fine reticulum may 
be made out by staining with hiemato-eosin or picrocarmine. 

It is difficult to decide to what category these cellular masses 
belong. They have a certain analogy with plasmon cells, but 
differ from these in their regularity of form, in the presence of 
central nucleus, and also in their reaction to staining. 

They differ from syphilitis, tuberculosis, and other infectii 
diseases in the mode of grouping of the cells, Notwithstandf 
the presence of a reticulum, they differ from mycosis in the wi 
in which the cells are grouped around the vessels and glands, 
also in the absence of epidermic infiltrations of the papilh 

'The existence of a reticulum would seem to indicate au altera** 
tion of the lymphatic system, with localization of the cell masses 
around the vessels and glands. All the appearances agree with 
the supposition that the lesion is a lymph neoplasm, and this, 
together with the form and grouping of the sarcoma cells, 
us to the conclusion that the case is one of lympho- sarcoma,' 

Darkr also exannned the specimens and confirmed the diagni 
of lympho-sarcoma. 

From November, 1902, to March, 1904, the tumours increased, 
symptoms of compression made their ap})earance, and the patient 
suffered in general health. The authors therefore decided to try 
radiotherapy. 

For a perioti of two months fractional doses were given with 
three irradiations per week. A total dose of S* H. was absorbed 
during the first month, and 17 H. during the second month. 

TTie treatment was carried out by Albert Weil. Under its 
influence the tumours diminished, the neck heiame smaller, the 
thoraic resumed its normal appearance, and the general health 
improved. At the present time the case is completely cured, so 
far as objective symptoms are concerned. 

The authors noticed that the patient exhibited manifest signs 
of toxa-mia during the course of treatment, with sensations of 
fainting, shivering, etc., analogous to those noticed by Sk'tntier 
during the radiotherapeutic treatment of cancer. They therefore 
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lymphoid tissue, such as lympho-sarcoma, lymphadenoma, and 
leukaemia. 

The reaction is rapid, and the stances should therefore be corre- 
spondingly short. According to Hemecke^ the lymphocytes are 
speedily modified or destroyed by the X-rays without any effect 
on the superjacent skin. 

We may now proceed to consider the results which have been 
obtained in the treatment of lympho-sarcoma, lymphadenoma, 
and leukaemia. 

Lympho-8arciyma. 

In 1903 WiUtams^ in his work on radiotherapy, reported a case 
of lympho-sarcoma of the neck, which twice recurred after opera- 
tion, and which subsequently yielded to radiotherapeutic treatment. 

Microscopical examination proved the case to be a round-celled 
lympho-sarcoma. Two photographs of the case, one before and 
one after treatment, are given, and these are quite conclusive as to 
its nature. 

In June, 1904, Bizard and Albert Weil presented to the Society 
de Dermatolpgie a patient suffering from lympho-sarcoma. They 
had shown the case on a previous occasion in November, 1901. 
The cervical region and the upper part of the thorax wa^ the seat 
of a number of tumours of a diffuse character, with adherent and 
infiltrated integument marked by large telangiectases. 

The following is a report of the histological examination made 
by Gastou : * Under a low power the sections show a network 
composed of thick bands of elastic fibres and connective tissue. 
Masses of cells disseminated through the interstices of this tissue 
occupy the deeper layers and the vicinity of the sweat-glands.** 

No special alteration is to be noticed near the surface of the skin 
except that the epidermis is thinned, and the interdigitations have 
partly disappeared. The vessels are but slightly dilated. With 
a high power a reticulated tissue may be made out immediately 
beneath the epidermis, containing two distinct elements : 

1. Plasma cells of considerable size, with large nuclei and 
abundant protoplasm. 

2. Mast cells in layers parallel to the epidermis. 

The plasma-like cells are chiefly perivascular, but can hardly be 
said to form a true infiltration round the vessels. 

Here and there, in addition to the foregoing, masses of cells of 
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adherence of the skin, oedema, and increase of collateral circulation, 
point to a lympho-sarcoma. The blood examination is also in 
favour of this diagnosis, and the proportion of leucocytes excludes 
the existence of a true leukaemia. The prognosis of such a case of 
generalized lympho-sarcoma is a fatal termination within a brief 
period/ 

The exposures were made with rays of penetration No. 7, and 
4 H. to 6 H. was absorbed at each seance. Seances were given 
every day, but as seven different areas were under treatment, each 
area received but four exposures per month. Three weeks after 
the commencement of treatment a new examination of the blood 
by Dr. Sabrazes gave the following results : 



Haemoglobin 


60 per cent. 


Red corpuscles 


4,947,000 per cub. mm. 


White corpuscles 


18,600 


i> 


Blood platelets 


698,828 


>j 


Polynuclear leucocytes 


69-3 


per cent. 


Lymphocytes 


19 


?» 


I *arge mononuclear cells 


4 


j» 


Eosinophile cells 


76 


»» 


Transitional forms ... 


78 


»» 


Neutrophile myelocytes 


20 


»» 



Inequality of volume and coloration of the red blood corpuscles. 
Numerous polychromatic cells ; few basophilic granular blood cells ; 
no iodophile leucocytes; a few large lymphocytes; a few points 
of irritation. Accelerated coagulation, with early i-etraction of 
the clot. 

* In comparison with the former analysis,** says Sabrazes^ ' there 
is augmentation of the red corpuscles, diminution of the white 
corpuscles, and a less abnormal proportion of leucocytes."* 

The amelioration in the patienfs condition continued : the 
dyspnoea almost disappeared, the ganglia were diminished in size, 
and the general health was much improved. 

The treatment was continued, the patient undergoing in all 
thirty-five irradiations, or five on each region aflTected. The results 
were great diminution of the ganglionic masses, decrease in the 
size of the spleen, clearing of the right lung and of a portion of 
the left lung, increase of the weight and strength of the patient. 
This was accompanied by an increase in the amount of haemo- 
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globin, and a diminution by one-half of the white corpuscles in 
the blood. 

Although the diagnosis of lympho -sarcoma may be disputed, the 
result is of the highest importan<;e, even if the case is regarded as 
one of iymphadenoma or leukH.'mia. That the X-rays had an 
undoubted effect on the ganglionic masses and on the composition 
of the blood and the general health of the patient cannot be 
disputed. 

At the Broca Hospital we had occasion to treat a woman with 
an enormous tumour of the cervical region, which had been 
diagnosed as lympho-sarcoma by Dr. Brixfj. The tumour was hard 
and adherent to the deeper structures. At the commencement 
the irradiations certainly produced some diminution of the volume 
of the tumour, but there was no impi-ovement in general health. 
After a time obstruction to the breathing occurred, and the patient 
was transferred to the surgical wards. The result was not very 
encouraging, but the case did not conform to the ordinary type of 
leukiemia. 

If the lesion is localized, as is generally the case, lympho- 
sarcoma may be treated in the same manner as sarcoma. The 
patient should be carefully watched, and the treatment suspended 
on the occurrence of any signs of toxiemia. When the lympho- 
sarcoma is more generalized, as in Priifesaor BcrgoiiiS's case, we 
may use the method described for the treatment of leukaemia 
proper. 

All we caji say at present is that the X-rays give favourable 
results in cases of lyuipho- sarcoma, but that further observations 
are required in conseijucnpe of the uncertainty of the diagnosis. 



General Lymphadenosis — Umlgkln'H Disease. 

In the second edition of his work Williams reports a patient 
suffering from Hodgkin's disease, who was gi-eatly relieved by 
X-ray treatment. The case was that of a man, twenty-one years 
of age, who had suffered from the disease for a year or more. 
The treatment lasted seven months, during which time three 
exposures, each of ten minutes" duration, were given per week. 
Each diseased ai'ea was treated separately. The glands decreased 
in volume, the health improved, and the general condition of the 
patient became fairly satisfactory. After ces.'iation of the treat- 

22—2 
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ment, however, there was a recurrence of the disease, and the 
patient died after an interval of nine mouths. Two other cases 
were treated in the same manner, with rapid amelioration, but the 
patients were lost sight of. 

Williams considers that at the commencement of the X-ray 
treatment the results are most astonishing, but he is not able to 
say anything as to the permanence of the cure. In his first case 
he is convinced that the general health was greatly improved, and 
that the life of the patient was prolonged. 

The author also cites two cases reported by Fusey^ in which the 
beneficial influence of the X-rays was very evident. 

The first patient was seen by Ochsner^ who had diagnosed the 
nature of the case, and had operated on one side of the lesion, 
which was in the cervical region. The other side was treated by 
the X-rays. After two months^ treatment the tumour, originally 
of the size of the fist, had diminished to the size of an almond. 

The patient still returns for treatment from time to time, and 
the disease has shown no signs of increase during the last five 
months. 

The second case had an enormous glandular enlargement in the 
axilla, of the size of a child's head. Injections of arsenic had 
yielded no improvement. Radiotherapy was tried by Pusey^ with 
a notable improvement of the health and diminution of the 
tumour, so that the patient was able to play billiards. Ultimately, 
the axillary glands disappeared entirely. There had been no 
recurrence after the lapse of some considerable time. 

In a case treated at the Broca Hospital, which was probably 
one of Hodgkin'^s disease, the use of X-rays was not followed by 
any very brilliant result. The patient was very cachectic, and did 
not remain long under treatment. 

Moreover, as there was no opportunity to make an examination 
of the blood, it is doubtful whether this was a case of lymph- 
adenoma or of leukaemia. The same may be said of the cases 
reported by Williams and Pusey. 

The term * lymphadenoma ' should include only those affections 
in which there is hypertrophy of the haematopoietic organs, with- 
out sensible alteration of the blood. 

As a consequence of irradiation, we may often see the glandular 
tumours diminish, the fever decrease, and the health improve ; but 
this observation is not very conclusive, since all these symptoms 
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ma^r be grouped under the general term ' adctiia,'' which according 
to some aathorities occasionally disappears spontaneously. 

It is true that the spontaneous regression is very rare, and 
Heiiievkes experiments show that X-rays have a definite action on 
lymphoid oi^ans. It is therefore rational to treat lymphadenoma 
by radiotherapy, but it is to be hoped that in future the exact 
type of disease will be better defined. 

We may include in this chapter certain lymphadenomata, pro- 
bably of n tuberculous origin, on the exact nature of which 
authorities are not agreed, hut which would probably be 
ameliorated by imliotherapy. We recommend the employment 
of rays with a penetration corresponding to No. 7 or No. fi of 
Benoist's radiochromometer, with a dose of 3 H. or 4 H. to each 
region affected, to be repeated once a week. 

The treatment must be intermitted if any inflammatory reaction 
appears on the skin. 

LeukfTtnia. 

But few cases of leukiemia have as yet been ti-eatcd by the 
Roentgen rays ; nevertheless, important results have been obtained 
in this most fatal disease, and we propose to study the question in 
some detail. 

ITie first communications on the use of radiotherapy in leukiemia 
came to us from America, 

Senn reports two interesting cases, ITie first is that of a man. 
forty-thi-ee yeai-s of age, suffering from leuka;mia of a year's dura- 
tion. The disease began in the neck, and invaded the axilla, the 
inguinal regions, the mediastinum, and the tracheal and bronchial 
glands. The spleen was also greatly enlarged. The blood-toujit 
showed the presence of well-marked antemia. After thirty-four 
irradiations the glandular swelling disappeared. After three 
months a fresh enlargement of the glands occurred, which, how- 
ever, yielded to a further series of ten irradiations. For the last 
eight months the condition ha-^ been satisfactory. 

The second case is that of a patient, fifty-three years of age, in 
whom the disease had commenced ten years before. .No treatment 
had produced the slightest impression. An examination of the 
blood yielded the following results : Hiemoglobin, 70 per cent. ; 
erythrocytes, 3,875,000 jrer cubic millimetre ; leucocytes, 208,000, 
of which 78 per cent, were small leucocytes, H per cent, large 
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leucocytes, 2 per cent, transitional forms, am! 5 |>er lent, leuco- 
cytes with multiform nuclei. 

After fifteen irradiations the glands dimlniiihed, and a fresh I 
examination of the blood gave bipmoglobin 85 per cent., erythro- I 
tytes 4,450,000 per cubic millimetre, leucocytes 76,000. After J 
another series of exposures, the number of leucocytes fell to I 
46,500. 

The general health of the patient gi-adually improved, hi»l 
weight increased, and his pallor diminished. 

More recently Ui-yttnt and Crane published some otjservations onl 
a woman, thirty-three years of age, suffering from myelogenous! 
leuktemia. The spleen was enormously enlai'ged, and the blood] 
contained 176,000 white corpuscles per cubic millimetre. After a 
treatment of daily irradiations continued for two months, the easel 
was entirety cured. Arsenic was given during the whole of the I 
radiotherapeutic treatment, and in the author's opinion contributed I 
greatly to the satisfactory result. 

The notes of this cure are incomplete, for they merely mentioD I 
without details a considerable diminution in the number of J 
leucocytes. 

The case cited by Broicn is more complete. It was one of | 
advanced Icukicmia, in which the spleen extended below the | 
umbilicus. There were 800,000 white blood cells per cubic milli- 
metre, including 40 per cent, of polvnuclear cells, 40 pei" cent, of i 
myelocytes, 8 per cent, of eosinophtle cells, and 8 per cent, of I 
mast cells. At the commencement of treatment the seances were J 
repeated twice a week, and later on every day. From July, when I 
the treatment commenced, to February, the anielioration pro- 1 
gressed regularly, with a corresponding diminution in the number! 
of myelocytes. These diminished in exact proportion to the | 
general diminution of the total number of white corpuscles 

By February the cure was complete, and as the X-rays alone 1 
were used the results are conclusive as to the value of radiotherapy \ 
in leukfemia. 

At the Biological Reunion at Nancy GiiiUon and Spillmann J 
published a case of supposed leukiemia, but this was not confirmed [ 
by microscopic examination of the blood. 

Bossoh has treated a case of myelogenic leuka-mia by the X-i-ays, I 
After a temporary increase, the number of leucocytes fell rapidly to \ 
from 140,000 to 10,000 per cubic millimetre. 
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Herman Griid and Ahrens have also obtained encouraging 
fiesults. 

In August, 1904, Aubcrtin and Beniijitrd pulilished the results of 
their reseaR-hes on the modifications protiuced in the blood by the 
X-rays in ca^es of ieukiemia. 

These observations are most interesting, as they show the changes 
occurring in the blood day by day after each irradiation. We 
reproduce them in detail : 

'The patient is a man, sixty years of age, suffering from typical 
myelogenic leukemia, which commenced about nine months ago. 

N'The hpleen extends across the middle line and occupies the 
hole of the left side of the abdomen almost down to the pubis. 
he livei is enlarged, but there are no glandular swellings. 
There is anaemia of moderate intensity, the number of red 
blood corpuscles being 2,500,000 to 3,500.000 per cubic milli-' 
metre. The white cells, which were 90,000 in February, 1904, 
gradually increased in number till they attained 124,000 in the 
beginning of April. The leucocytic fonuula which we reproduce 
on another page is the classical formula of myelogenic leuka'mia, 
Massage of the spleen and the administration of arsenic have had 
some influence on the general health, and have slightly increased 
the number of red blood cells ; but they had absolutely no effect on 
the number of white celts, which showed a regular increase. 

* Kadi o therapeutic ti'catnient was cojunienced on April 20. The 
spleen was irradiated before and behind for eighteen minutes every 
day, with rays of penetration No, 6 and a dose of 5 H., the distance 
of the anticathode being 25 centimetres. The patient thus received 
the comparatively large dose of 30 H.. which set up a severe attack 
of radiodermatitis. Under this treatment the number of white 
J cells fell in six weeks from 124,000 to 52,000, while the general 
fc iiealth was greatly improved. 

' It is interesting to note the manner in which this diminution in 
Jie number of leucocytes occuiTod. 

' Some days before the commencement of radio therapeutic treat- 
ment, the number of leucocytes was 124,000. A week later, just 
before the second exposure, it had fallen to 109,000. Tliree- 
quarters of an hour after the termination of the irradiation, the 
number of white cells had risen to 131,000, thus showing an 
immediate increase of 30,000 white cells. A week later the number 
had again decreased to 10S,000. After the fourth seance we 
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nined the blood every two hours, andgot the followingnumbers; 
Before the ex])osure, 79,200 ; at mid-day ,'aquai-ter of an hour after 
the termination of the irradiation, 74,000 ; at 2 p.m., 90,000 ; al 
i p.m., 91,000 ; at 6 p.m., 1 05,000. The nest morning the number 
had risen to 194,01K), or nearly double. Two days afterwards it I 
had fallen to 80,300, and t-ontinued to fall for three succeeding! 
days, the numbers being 7:3,000, 64.,000, and (il.OOO. " 

" The results of the subsequent seances were not so marked, 
being less intense and longer delayed. After the sixth seance, for 
instance, the number of leucocytes only increased from 64,000 to 
76,000. If we could have kept the patient in hospital we tnightj 
have got even more marked results. I 

' These modifications certainly did not depend merely on diffeT'J 
ences of concentration or dilution of the blood, since the numbr^ 
of red globules did not vary in correspondence with that of ti 
leucocytes, and occasionally the number of red and white corpuscle^ 
varied in an inverse order. The alteration was independent of t 
leucocytosis of digestion, and was greater than any previous 
observed in cases of leukaemia, 

'Without exception, the number of the leucocytes ; 
immediately after eaih irradiation, and then gradually diminished 
to a lower level than before, falling in one instance as low as 5.-,oOU 
to the cubic millimetre. 

• Let us next tuni our attention to the alteration in the leucocj 
formula. The augmentation in the number of white cells, wHiM 
is frequently enormous, is not due so much to myelocytes as to 
adult polynutJear forms. Before radiotherapeutlc treatment the 
blood contained 112,000 leucocytes, 34 per cent, of which were 
polynuclear cells, 65 per cent, myelocytes (including Turck s cells). 
and 6 per cent. lymphocytes and mononuclear cells. On the day 
after the third seance these proportions had greatly altered. The 
total number had risen to 199,000, of which 52 per cent, were 
polynuclear, 47 per cent, were myelocytes, and 3 per cent, lympho- 
cytes. On the following day, when the number of white cells had 
sunk to its former level— 72.000— the formula had also returned to 
its previous proportions. Hence we may conclude that the leuco- 
cytosis which follows an irradiation is constituted by an absolute 
inci'ease in the number of polynuclear cells in the circulation. 

' We next set ourselves to determine by a variety of methods if 
there was any difference in the structure of the leucocytes before 
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and after ladiotherapeutic treatment. Hitherto we hftie not 
found any change either in the protoplasm or the granulations, 
neither degeneration of the nuclei nor evidenre of karyokinesis. 

' We may note that the red nucleated corpuscles are not appa- 
rently influenced by radiotherapy. Their absolute number remains 
the same, while their relative number is greatly diminished during 
the leucocytosis following an in-adiation. 

' As regards the red corpuscles, we have observed a considerable 
augmentation of their number, even as much as a million, after 
each s»5ance. This increase in number is accompanied by certain 
modifications which are not parallel with those of the white cells. 
We shall return to this question later on. 

' It may be remarked that, in spite of the alteration of the blood 
and the improvement in the general health, there was no permanent 
diminution in the volume of the spleen. In the patient's opinion, 
however, a temporary reduction did occur during the two or three 
days which followed an iiTadiation, after which the organ regained 
its previous size. This observation was spontaneously made by the 
patient, and although we did not verify it ourselves, we cannot 
help associating it with the augmentation of the leucocytes during 
the same period. 

' We may assume, then, that in the treatment of myelogenic 
leukasmia radiotherapy produces an immediate effect on the 
hlood, causing a diminution in the number of leucocytes, which 
does not, however, progress in a regular maimer.' 

After each seance thei-e is a considerable and sudden rise in the 
number of white blood cells, after which the number slowly and 
gradually diminishes to a level lower than before irradiation. 
After some time the augmentation following each irradiation 
becomes impeiteptible, but a permanent diminution is still notice- 
able. Tlic leucocytosis affects the polynuclear cells rather than 
the myelocytes. 

These changes in the blood occur before any visible alteration 
in the size of the spleen. 

M. Beaiijard has carried out some similar observations on lym- 
phatic leukaemia. In his cases the diminution in the number of 
white blood cells progresses more regularly, and the augmentation 
after irradiation does not occur. In the same way the increase 
in the number of red blood cells is regularly progressive. 

In both varieties of leukaemia the general health improves 
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rapidly, and the spleen diminishes in size to an appreciable extent. 
In cases where the glands have been previously enlarged these 
diminish in size, and even in the cases which are not completely 
cured the best results usually follow radiotherapeutic treatment 

On the other hand, Barjony Cade^ and Nogier presented to the 
Medical Society of Lyons a case of myelogenic leukaemia which had 
been unsuccessfully treated by the X-rays. The patient was a 
man of twenty-four years of age, in a bad state of health, and pre- 
sented an enormous hypertrophy of the spleen. 

A blood-count on October 12, 1903, gave the following results : 

Red globules ... ... 2,790,000 per cub. mm. 

White globules ... ... 147,000 „ 



The leucocytic formula was 

Polynuclear cells ... 
Large monomyelocytes 
Eosinophiles 
Lymphocytes 
Intermediate forms 



24 per cent. 
70 „ 

2 « 
„ 
4 „ 



During a period of three months the patient was subjected to 
twenty-one radiotherapeutic seances, averaging twelve minutes 
each, the total irradiation being 265 minutes. 

The day following on irradiation there was a lowering of the 
temperature, and a decrease of the pain over the spleen. 

There was no observable diminution in the volume of the spleen, 
or in the number of the white blood-cells. 

At the end of the treatment, a blood-count gave 

Red globules ... ... 3,1 12,400 per cub. mm. 

White globules ... ... 309,380 „ 

b eing an augmentation of the white blood corpuscles to double 
t heir former amount. 

The patient ultimately died of cachexia. 

It would seem, then, that the X-rays produce a considerable 
amelioration both in myelogenic and in lymphatic leukaemia. 

Notwithstanding the negative results published at Lyons, the 
e xperiments of Beaujard are in no way invalidated. 

The general health of the patients improved, the splenic hyper- 
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trophy was diminished, aiid the glandulav enlargements were in part 
absorbed. 

At the present time we ni-e engaged in Dr. Becleri's lalmratory 
in the ti'eatment of several cases of leukaemia. The interest in 
this matter is increased ivhen we reflect that all other methods 
of treatment have proved ineffectual. 

As regards the method of apphcation, it is of importance to 
give the in-adiations as frequently as possible, since each exposure 
is followed by a diniinution in the number of the white cells, (ta 
the other hand, radiudermatitis must be carefully avoided, since, 
in addition to the local injury, it compels us to suspend the 
treatment. 

The rays should be of moderate penetration. No. 7 or No. 8 on 
Benoist'^s scale, and the tulte should be placed at a distance of 
6 or 8 inches. This distance is indicated, not only to secure 
thereby a more uniform iiradiation over a considerable surface, 
but also in order that the quantity absorbed by the spleen and 
glands may \ie better distributed. 

In a case of typical myelogenic leukit'mia, where the spleen only 
is affected, we usually divide the skin over this organ into four 
segments. ITiree of these are carefully protected by means of a 
leaden shield, and the fourth is exposed to an iii'adiation of i H. 
or 5 H, If no dermatitis appeai-s, the exposures may l>e repeated 
once a week. 

During the interval it is advisable to irradiate the ends of the 
long bones, as itcommended by some American authors. 

All the long bones should be treat&d in this way, since it has 
been found that in every case of myelogenic leukEcmia the marrow 
of the long bones is affected and concerted into red medulla. 

We can well understand how difficult this is in practice, since 
the bones are deeply seated and their tissue is very opaque to the 
X-rays. Highly penetrating rays should be employed, and the 
more accessible Iroiies should be attacked first. 

Where the patient has a number of glandular enlargements, 
a dose of 3 H. or 4 H. may be given to each affected region at 
intervals of a week. 

In these cases we have never met with toxic phenomena, so that 
we may safely use the method i)y massive doses, in preference to 
fractional doses of J H. or 1 H, 
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Mycosis Fiinffoiflra. 

It may surprise some of iiiv readers to find mycosis fungoides in 
the group of tumours of the lymphatic svsteiii. 

Although this affection belongs neither to the saivoniata nor to J 
the lyinphiidenomata, we have placed it in this chapter because itl 
resembles them histologically (Tidal, Brocq, Siredey). 

Mycosis fungoides is a formidable disease which is universally 1 
fatal. Hitherto no treatment has had any effect. All sorts of | 
internal and external medications hdve been tried, without pro- 
ducing even temporary ameliorations. 

In July, 1903, Dr. Brocq sent to us a female patient from ] 
Canada suffering from a mycosis fungoides which was eczematous ' 
and ulcerating. She was sent with a view to treatment with high- 
frequency eflleuvcs, in order to alleviate the intense pruritus. At 
that time we were ignorant of the work of SchoUz on this subject. 
In conjunction with my friend Dr. Clvatte, we determined to try 
radiotherapy. 

We had already proved that the X-rays have a favourable effect 
on other cutaneous tumours, and we were thus encouraged to try 
their action on mycotic tumours. At all events, there was little 
risk, and even in case of a violent reaction wa hopeti that there 
might be a local amelioration of the lesions. 

'V\^G fii-st irradiated two or three large tumours which appeared 
on the head and face, giving a few exposures intense enough to 
set up a sharp reaction without producing ulceration. Each 
tumour was treated with a dase of 10 H., which was absorbed 
during iwo consecutive seances, tfie rays being of penetration 
No. 4 or No. S, The immediate result was the total disappearance 
of pruritus during the two or three days following the first 
exposure. At the end of six or seven days the skin over the 
tumours became slightly erythematous, and gradually took on a 
brown tint. It was more supple, and the tumoure became softer. 
At the end of a fortnight the tumours were notablv diminished in 
volume, and the infiltration of the skin had almost disappeared. 
There was no return of pruritus, and the reaction had entirely died ] 
away, leaving only a slight pigmentation. After one or two more 1 
irradiations, the tumours totally disappeared. This result was 1 
obtained without the reaction exceeding a slight erythema. 

Encouraged by these results, we next attacked the tumours of \ 
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the fiice and trunk in succ'essioD, with the result that all the 
irradiated lesions entirely disappeared. Hitherto tliero has been 
no recurrence, 

Rays of moderate penetration, No. i- or No. 5 on Bcnoist'a st-ale, 
were used, with a dose of 8 H. or 9 H. for eaih tumour. The 
prescribed dose was given at one or two seances, and this was 
followed by an interval of two or three weeks. We waited till the 
reaction had disappeared or was greatly abated — that is to say, 
until the erythema had faded, and there was no sensation of 
burning. At the end of this time, if the tumour still remained 
hard and the skin infiltrated, we gave another tiTadiation of 7 H. 
or 8 H,, and again waited for three weeks. 

On each occasion the dose was somewhat reduced, and this 
alternation of iiTadiation and rest was continued until the lesion 
disappeared. 

Evidently the (juantity given during each seance will vai'y with 
the 6\7.e and the situation of the tumour, and the same may be said 
of the number of applications reijuircd. Thus, for a large nodule 
the size of a nut on the forehead, tlie eyebrow, or the upper lip, 
four series of irradiations were rei|uired, each consisting of two con- 
secutive exposures, during which 8 H. to 10 H. was absorbed. The 
total dose was therefore yo H. to W H,, divided into four series, 
with intervals of a month. 

On the cheeks, where the tumours were smaller, four seances 
sutiiced, each consisting of two series of two exposures, with a total 
doseofgOH. toa.5H. 

A small tumoiu' on the eyelid was cured by the absorption of 
a dose of 9 H. or 10 H. 

The patient was treated every day, or every other day, hut the 
area irradiated was altered on each occasion, so that an exposure 
was not repeated on the same spot until the reaction had dis- 
appeared, about twenty to thirty days after the last exposure. By 
this means we were able to treat a great number of diseased foci 
without setting up dermatitis. 

Certain poi'tiuns of the body where the disease had taken on an 
erysipelatoid character were greatly benefited by slight irradiations. 
The tube was placed at a considerable distance fi-om the skin, so as 
to obtain an equable irradiation of a large surface. In many 
instances a dose of 5 H. or 7 H. was sufficient. 

In conjimction with Brotq and Bisserie, we exhibited this patient 




to the Socii'te de Dermatologie in February, 1904. The following 
are Brocq's observations on this occasion ; ' Although we sometimes 
see spontaneous anest of the disease in cases of mVfosis fungoidee, 
and even regression of the tumours, these improvements have not^ 
the regular and progressive character which was so noticeable 
this case. In order to remove any trace of scepticism as to tl 
result, we may add that in every instance the inipi-ovement 
consecutive to the irradiation of one of the tumours. 

' Of all the results which we have obtained by X-ray treatmeni 
this is the most remarkable, and, if we may say so. the moat' 
important in its pi-omise for the future. It is true that a superficial 
epithelioma or other epithelial neoplasm may yield to this most 
marvellous therapeutic agent, but before the introduction of 
X-rays a superficial epithelioma could be cui-ed by surgical me; 
whereas up to this time mycosis fuugoides was entirely beyond 
help of medicine or surgery. 

' We are therefore particularly plea.ied to l>e able to present 
you this case. 'ITie woman is not indeed absolutely cured, and ' 
should have liked to continue the treatment some months longi 
in order to show her to you quite free from any trace of tl 
disease. She wishes, howevei', to i-eturn to America, anil we 
therefore been obliged to exhibit the case before the i-ecovery 
complete. 

' Mycosis fungoldes, then, as well as the sarcomatous neoplasms, 
amenable to the action of the Roentgen rays." 

Subsequently this patient was induced to remain iu Paris, 
i-adiotherapeutic treatment was continued until October. In . 
most of the lesions were disappearing, and she returned to Cam 
completely cured. It is, of course, possible that there may 
i-clapse, but at the time when she left us all the tumours had 
appeared, and there had been no recurrence. 

The general health was in no way affected by the 
quantity of X-rays which had been aUorljed during the course 
treatment. Not only was there no loss of flesh, but the pati 
increased in weight at one period of the treatment, gaining s« 
l(i pounds during the months of June and July. 

The treatment was interrupted for some time in consequence 
an abscess in the asillu, which had to be treated sui^ically, b 
this was in no way due to the radiotherapeutic treatment. 

We wish to draw attention to the degiec of reaction set 
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during the treatment. It was not necessary, as SchoUz asserts, to 
set up a superficial ulceration. A slight erythema was quite 
sufficient, and in no instance was this degree of reaction exceeded. 
It must be remembered that a dose of 8 H. or 9 H. produces a 
much more violent reaction on the healthy skin than it does on 
the mycotic tumour. On the eczematous or erysipelatoid patches, 
however, this dose was capable of producing a sharp reaction, 
and occasionally a slight bum. In irradiating these lesions 
then, it is wise not to exceed a dose of 5 H. to 7 H. at each 
seance. 

There is no object in producing a stronger reaction. On one 
occasion we accidentally exceeded this dose while treating a group 
of confluent tumours on the forehead. Desquamation followed, 
preceded by the appearance of phlyctenulae, and the patient com- 
plained of a burning sensation. The reaction did not proceed 
further, and the lesion was completely healed in the course of 
a couple of months. At the present time a smooth white cicatrix 
covers the seat of ulceration. Although the tumours disappeared, 
the cure was not so complete as in neighbouring parts where the 
reaction was more moderate. A slight additional irradiation was 
followed by the disappearance of the remains of the original 
tumours. 

Another case under our care has been greatly benefited by the 
X-rays. The patient suflTered from mycosis in the eczematous 
stage, with patches of a lichenoid and erysipelatoid appearance. 
The pruritus, which was intolerable, speedily abated, and the 
infiltration of the skin was diminished. 

After two or three seances, the skin r^ained its normal colora- 
tion. The quantity absorbed in no case exceeded 7 H. or 8 H. 
at each seance, and in many places the dose was much less 
than this. In consequence of the great susceptibility of the skin 
affected with mycosis, we consider that the dose should never 
exceed 6 H. or 7 H. for each separate lesion. There should 
always be an interval of a fortnight or three weeks between 
successive irradiations. 

We may here allude to our previous observations as to the 
special sensibility of the integument of the thenar and hypo- 
thenar eminences, and of the sole of the foot. These regions were 
affected in both of our cases. We gave a dose of 10 H., relying 
on the general opinion that the palm of the hand is less sensitive 
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to the action of the rays in consequence of the thickness of its 
integument. 

This quantity, which usually produces only a pronounced 
erythema, here set up a sharp reaction accompanied by severe 
pain. In one case the mycotic lesion rapidly began to heal, and 
reaction only set in a fortnight after the last irradiation. The 
epidermis was shed, and the cicatrization was very slow. TTiese 
phenomena seem to point to a special sensibility of these regions. 
No other explanation appears possible, since similar results were 
obtained in two different cases. 

In mycosis fungoides radiotherapy appears to give most excel- 
lent results not otherwise obtainable. The treatment demands a 
considerable expenditure of time and money, but it is painless, and 
it at once relieves the patients from pruritus, from which they often 
suffer severely. 

We may indeed be certain of curing the terrible itching which 
usually accompanies the evolution of mycosis. Both in pruri- 
ginous tumours and in premycotic patches the itching rapidly 
decreases during the f]i*st few days after iiTadiation. In many 
instances even it is relieved on the same evening. The relief of 
pruritus alone would make the X-rays a welcome adjunct in the 
treatment of this disease. 

More than this, it certainly causes at least a temporary disap- 
pearance of the local lesions. It is impossible to speak with 
certainty as to the recurrence, since our cases have not been 
sufficiently long under observation. In a certain number of cases, 
however, the disease has remained cured for a year or more with- 
out any sign of recurrence. 

As yet we have not had an opportunity of trying this ti'eat- 
ment on the ulcerative forms of the disorder, but we see no 
reason to doubt that it would be equally efficacious in this 
variety. 

The futui'e alone can decide if the cachexia disappears along 
with the local lesions, and whether the patient may be said to be 
completely cured of the infective neoplasms. At all events, we 
have every reason to hope for a favourable result, since the general 
health of the patient has been greatly improved in every case that 
we have treated. 

We are entiiely *'*'*'nnuit Oif the meehanism by which the X-rays 
produce a this disease. Probably they have a 
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selective action on the cells of the new formation, but this is purely 
hypothetical. 

In July, 1902, Norman Walker and H. A. G. Brooke re- 
ported favourable results in a case of mycosis treated by radio- 
therapy. 

SchoUzj in a work published in 1902, expresses himself thus: 
*' In two cases of mycosis fungoides some small tumours have disap- 
peared after irradiations of sufficient intensity to produce necrosis 
of the skin. The patients were not, however, much benefited' by 
the treatment, as new foci of disease appeared elsewhere.** In 
a further note he relates a third case, in which the tumours were 
influenced in a striking manner. The histological microscopical 
examination has been made of a mycotic tumour which had been 
treated by X-rays, but this did not furnish any information of 
importance. 

Hyde has published a case of cure. His patient presented 
numerous ulcerated tumours of the scalp, accompanied by lesions 
on the trunk in different stages of evolution. The case was 
greatly improved, and the ulcerations healed. The same author 
obtained an apparent cure in the case of a female patient suffering 
from this malady. 

In August, 1903, Marsh published a successful case. 

Jamieson also speaks highly of the value of the treatment, 
which he considers capable of arresting the evolution of the 
disease. 

A. E, Carrier^ in the Journal of Cutaneous Diseases for February, 
1904, has also published some interesting observations on a similar 
case. Like ourselves, he tried the treatment empirically, giving 
short exposures daily, and avoiding all severe reaction. The treat- 
ment was commenced in August, 1903, and the case was com- 
pletely cured by November of that year. He reports the relief 
of pruritus and the progressive diminution of the tumours ; but, 
as is proved by the photographs, the disease was not so severe as 
in our case, which may account for the shorter duration of the 
treatment. Without denying the efficacy of other methods of 
treatment, which, however, had failed in this case, he considers that 
the X-rays are capable of completely arresting the evolution of 
the disease. 

More recently Scholtz and Riehl have obtained good results in a 
case of premycotic infiltration of the skin. 

23 



In the evolution of this disease Mordlc distingutiihes two! 
periods — the preniycotic period, before the appearance of tumours, 1 
and the period of confirmed mycosis, with the ofcurrente ofl 
tumours. Some observations of his appear to show a beneficial f 
at-tion of the X-rays on the lesions which characterize the second ' 
period. 

In our opinion radiotherapy is ci]ually beneficial in all stages of 
premycotic lesions — eczematoua, erysipeloid, or infiltrated. In j. 
these cases the irradiations should be of shorter duration. ■ 

Diiboh-Havmilh presented to the Medico-Chirurgical Society of J 
Bi-abant a woman who had been cured of an extensive mycosis I 
fungoides by means of the X-rays. Although all the tumours had 
disappeared, it was impossible to say if the case was permanently 
cured. 

In conclusion, the following are the rules for treatment in ai 
case of mycosis: An irradiation of 7 H, to 9 H. should be f 
given to each tumour at each sitting. In cases of mycosis in the; 
eczematous stage, the quantity should not exceed 7 H. Al 
period of twelve to twenty days should elapse between tw0(4 
irradiations. 

Cask I.— M. G. B., a|^ thirty-niue. Mycosis fungoides. Keceived iutof 
tlie Vidal Ward on May 20, 1903. 

No history of heredity, .^t the age of sixteen she had a patcli of eruption I 
as large as a aliilling behind the right ear, which was covered with crusts, and'l 
itched viiilently. This gersisted for two inonttia. Slie went to Af outreal, |T 
was married at the age of twenty-six, ami had several children. 

At the age of twenty-six an eruption the size of a sixpence appeared oi 
left cheek. This prurigiuous patch was covered hy a furriiraceoue ^esqaawiai-'j 
tion, which occasionally became raised aod cou|^ted in consequence of theV 
itching and scratching. 

I1ie patient wan encehite, nnd during the course of gestation there was : 
outbreak of fresh eruptions on the forehead and cheeks. 'I1ie lesions a 
Ei-anty, but tlie patient complains of violent itcliiiig of the face and scalp, j 
particularly at night After delivery the severity of the itching greatljr ' 
diminished. 

At each pregnancy the pruritus regains its former violence, to he ngain 
ilimiuished after delivery. During this period new lesions appear, whicb • 
follow the same conrse of evolution. At first cougeetive maculie, whtcb > 
become stiuamoue, make their appearance. These rapidly become raised, and 
|>ersist as permanent elevations. They are red in colour, with a furfnniceous i 
ilesquamation of the surface. 'I'he patient had Wen under treatment, and 'I 
bad tried ointments and !4cariticationa and an indiarubber mask n-ithoot result.. I 
'I'he lesions were then confined entirely to the face. 
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Soon, however, they l>egau to spread ; a spot occurred on the right thigh, 
and this was followed by others on different parts of the body. 

Scarifications, tincture of iodine, and other irritating applications were 
tried in vain. 

Tliree years ago two lesions on the chin began to show signs of superficial 
ulceration, lliese were removed by a surgical operation, and this was re- 
peated on three successive occasions, with the addition of cauterization. The 
elevated lesions on the chin did not recur, and cicatrices, which are visible in 
the photograph, still mark their former position. 

New eruptions, however, continued to appear on the trunk and on the 
scalp. 

The general health remains good. The patient, who had lost flesh after 
the cauterization, soon regained her former weight. 

She came to Paris for treatment, and entered the hospital on May 22, 
1903. 

Examination on Entry. — The eruption covers the face, the neck, the 
shoulders, the arms, and the forearms. It is more marked on the surfaces 
of flexion, is absent over the front of the thorax, and is scanty over the 
abdomen and flanks. It is abundant on the loins, the hips, the lower part of 
the belly, and the front and inner surfaces of the thighs. It attacks the 
popliteal spaces, but is absent from the axilla*, the inguinal regions, and the 
bend of the arm. 

The hands are unaffected, but there are a few lesions on the soles of the 
feet. 

The eruption presents a peculiar mottled appearance. The individual 
lesions vary in size and arrangement. Here and there are white cicatrices 
due to previous caustic applications. On the arms the coloration is more 
intense than on the legs. 

The eruption on the face and that on the body are entirely different in 
appearance. • 

Elemkntary Lksions. — In some places the lichenification is diffuse, whilst 
in others it is sharply circumscribed. Under the lichenification there is 
more or less infiltration, which causes an elevation. To these two factors, 
lichenificatiou and infiltration, there is often added a third — viz., a pigmented 
erythema. 

llie eruption varies in different regions of the body. 

Fack. — Here there is a predominance of infiltration. The cheeks are 
covered with rose-coloured patches, of regular contour and well-defined 
margin, raised 3 or 4 millimetres above the level of the skin, lliere is 
slight desquamation of the surface. When this is removed by means of an 
ointment, the lesion appears of a rose-red colour with a somewhat livid tint. 
The grain of the skin is unaltered, dotted over with pilosebaceous orifices, 
which become more diluted as we get nearer to the middle of the face. 
In this situation tlie liclienification is at a minimum. The skin is not 
wrinkled, but stretched by the subcutaneous infiltration. Here and there 
the individuul lesions run into one another, forming patches of infiltra- 
tion bounded by a sinuous line. The forehead especially is covered by raised 
patches. 

23—2 
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Tlie eruption is hard to the touchy and non-adherent to the deeper tissues. 
It is apparently situated in the upper layers of the corium. 

Nfm;k. — ^The eruption is less raised and not so sharply outlined. The 
raised portion shades off g^radually into healthy tissue^ which has nothing 
ahnormal about it with the exception of slight congestion and infiltration. 

Trunk and Limbs. — The lesions on the trunk and limbs have a similar 
appearance. Some are bright red^ others are yellowish brown in colour. 
There is more or less lichenification^ but the edges are well marked. This is 
equally the case when the lesion is raised^ lichenified and infiltrated^ and 
wlien it consists merely of a broHii stain with slight lichenification and no 
infiltration. 

On the face especially some of the affected spots present grains of milium^ 
or small miliary abscesses. 

The dorsum of the hand is free from eruption. There is a typical lesion on 
the fourth finger of the right hand, with a good deal of infiltration and 
hyperkeratosis. 

There are two diseased spots on the sole of the foot. These are smooth 
and red^ with raised margins. 

The patient says that these desquamating areas were produced by the 
shedding of the hardened epidermis^ whicli had been raised by a blister. A 
similar phenomenon had occurred in the left palm. 

Tlie eruption on the foreliead has encroached on the border of the hair^ 
where it has produced an alopecia. Small red nodules^ from which the hair 
can be easily pulled out and which itch violently^ are present over the whole 
scalp. Here and there are lesions in process of regression. These are 
rounded patches, a centimetre in diameter, quite bald^ reddened in colour, 
but with no trace of infiltration. Tlie lesions in the scalp are very variable, 
whereas in other regions they appear fixed. At the present time the disease 
seems to be progressing only in the scalp. 

SuRTKOTivK Symptoms. — The patient suffers from horrible itching. This 
8)rmptom precedes tlie eruption, and occurs before there is any other evidence 
of the disease. The first sign of disease is a slight redness of the skin ; this 
subsequently becomes infiltrated, and the lesion makes its appearance. The 
itching increases, and is accompanied by a sensation of pricking and burning, 
especially at night-time on getting warm in bed. This is followed by a short 
period of comparative calm. After a few days the pains recur, and this 
alteration continues until the lesions disappear under the influence of radio- 
therapeutic treatment. 

Histology. — Microscopical examination was made by Dr, Civafte. In the 
papillary body are found a number of nodules of infiltration, in the centre 
of which are dilated blood capillaries containing polynuclear cells. There is 
also some infiltration of the dermis, which seems to encapsule certain small 
bud-like collections of cells which are found between tlie papillae. The in- 
filtration does not extend into the germinal layer, and the epithelium is not 
penetrated by the leucocytes. 

These appearances, whicli are not in themselves very characteristic, may be 
interpreted as indications of early mycotic lesions. The clinical aspect of the 
eruption did not admit of any possible doubt on the matter. 
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TRi:jkTMEN-T. — From May to July, 1J)03, the patient had ulider^ue treat- 
ment without any benefit. This consisted of external applications, high- 
frequency electricity, and injection with Fowler's solution. 

In July, 1903, phototherapy and radiotherapy were tried, and since the 
latter treatment was followed by great improvement, it was determined to 
continue it. 

At the commencement of treatment the condition of the patient was still 
further aggravated ; the tumours had increased in size and were more in- 
filtrated. The photograph on Plate VI. gives a good idea of the appearance 
of the face. 

July 24, 1903. — An irradiation was given to a large tumour in the left 
temporal region. The dose absorbed during two consecutive seances was 
10 H. The tumour disappeared after some time, the pruritus abated, and up 
to the present there has been no recurrence. 

From July 24, 1903, to February 4, 1904, the patient received 100 ap- 
plications — that is, fifty series, eacli consisting of two applications, with a 
mean dose of 8 H. to 10 H. for each series, thus giving a total dose of over 
500 H. 

The quantity of the X-rays absorbed by each tumour before disappearance 
varied greatly according to its volume. Thus, tlie large tumours on the fore- 
head required four series of exposures, with a dose of 10 H. for each series, 
giving a total exposure of 40 H. 'Ilie interval between the administration of 
each dose of 10 H. was about three weeks. 

On the cheeks, where the lesions were smaller, two series sufficed, each 
series consisting of two exposures. 

On the eyelid, which was the seat of a small lesion, a single irradiation of 

9 H. or 10 H. was sufficient. 

From February 4 to June 1 the patient received seventy-six applications, 
with doses var^ang from 9 H. to 10 H. Tliis makes a total quantity of nearly 
1,000 H. absorbed by the various lesions. Usually 5 H. to 8 H. was sufficient 
to cause the disappearance of a simple lesion consisting only of redness and 
infiltration. On the nodular patches 10 H. to 15 H. was required, according 
to their size. The first series consisted of one or two exposures of 9 H. or 

10 H. lliis was followed after a mouth's interval by another of about 8 H., 
after which much smaller doses were given, until the lesion had entirely 
disappeared. 

No serious reaction occurred except on the tlienar eminence, where a slight 
radiodermatitis was set up, which, however, soon disappeared. 

The following was the usual course of evolution : On the evening after an 
irradiation the itching was usually aggravated. The pruritus diminished after 
two or three days, and ceased entirely as soon as the lesions began to decrease 
in size. From two to eight days after irradiation an erytliema, accompanied by 
pigmentation, made its appearance. The period of latency varied according 
to the sensitiveness of the region, the gravity of the lesion, and the dose of the 
rays. The reaction seemed to be more violent on the lichenoid and infiltrated 
patches than on the nodular tumours. 

A few squamte then appear on the irradiated surface, witli a slight amount of 
oozing, lliis soon ceases, the skin becoming dry and beginning to desquamate. 
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At ttii-i period the [lifcmentatiou is very proiinuiii^e<l, and tlie ijitiUrntioii is 
consideralily diminiB)ied. Two mouttis later there is no trace of reni-tiuii, anil 
the lesiou ha« disappeared. i 

The larfcer tumours be^iii to diminish iu volume 5tleeii days aAer irradiA- 
tioii with a dose of II H. or 10 H. 

Theii ^rrHdually, withoDt any marked reaction, the tumour he^iis to u'aste 
away, and tlie skin ii»iaiime« a brown or blackish appearance. Desquamation 
follow)!, the integument becoming whitish in colour, and covereil with furfu- 
raceoua scales, which are easily detached. Finally the whole nssumea its 
uonoal appearance. 

in no instance has there been any recurrence of n lesion that has heen 
entirely cured, nor has the pruritus returned. Lesions which have been im- 
perfectly cured have inureaeed after a time, hut a second series of exposures 
has resulted in tlieir complete disappearance. 

On account of the number of the lesions, the patient is not yet entirely 
cured. Slie is still receiving one or two exposures every morning with a dose 
of 5 H. or 7 H. Her general health is ei((«Ilent, and she has increased 
16 pounds in weight during the last two months. 

The patient returned to Clauada in October, completely cured of all her 
objective symptoms. 

Cask II. — M. D., aged fifty. Premycotic erythema. No special history. 

The disease began sii years ago by two patches the 9i7« of a halfpenny, of 
a yellowish colour, on the internal surface of the thighs. Tliey were not 
raised, and did not give rise to any itching. 

After six months they became prurighious ; the {latient began to scratch, 
and redness and infiltration followed. She was treated by various external 
applications without result. 

A year afterwards a fresli eruption appeared on the tliiglisand back. These 
were precedetl by violent itchiiig and an appearance of redness. The disease 
gradually extended, and similar lesions appeareil on the whole of the body 
and face. At present the appearance is greatly modified ; the inliltratiou haa 
increaseil, tlie erythema has persisted, hut it is interspersed here and there with 
irregular yellow pati'hes. The itching is terrible, and after treatment by 
various methods without success, she was admitted into the hospital. She 
presents at the present time a number of large circinate patches, some red 
and others yellow in colour. They are infiltrated, and raised 1 or 2 milli- 
metres above the level of the skin. Tlieir borders are irregular, and in con- 
sequence of scratching the surface ia moist and very sensitive. 

HiNTouHiiCAL ExAHi.vATio.N. — l>r. ^bnuniud madea hioscopic examination, 
hut found nothing characteristic. A second examination was made at the 
BrocB Hospital, and a certain amount of perivascular infiltration was made 

TKEAniB.VT. — From January 21 to June 10 sjic has received ninety applica- 
tions of X-rays. 

The dose has varieil from .'> 11. to 10 H. Some of the lesions which were 
more infiltrated needed a second application three weeks after the first. 

Usually the itching ceases at once after irradiation. Occasionally, however, 
it b increased for the first two or three days, to disappear entirely later on. 
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As a result of irradiation^ the redness of the skin is at first augmented. It 
then becomes brown and desquamates^ and the infiltration entirely disappears. 
The whole course of evolution lasts one or two months. 

Although the total dose absorbed was over 500 H.^ the general health 
remained unaffected. 

There has been no recurrence. 

The patient is still under treatment^ but the face^ the neck^ and a great 
part of the body is completely healed. After a moderate irradiation a slight 
radiodermatitis occurred on the thenar eminence, but this soon passed away. 



CHAPTER IX 
RESOLVENT ACTION ON EPITHELIAL NEOPLASMS 

Verrucce — Cutaneotis Horns. 

In three instances patients suffering from verruca? have been satis- 
factorily treated by Sjogren and Sederholm. 

Scholtz also treated a case of warts of the scalp by a moderate 
irradiation. The warts disappeared without the production of 
alopecia. A cutaneous horn was cured in the same manner. On 
the other hand, in a case of warts on the hand an intense irradiation 
produced no effect. 

Varney obtained good results by this method. 

Dr. Kothe of Bonn has treated some cases of verruca? by a new 
method of procedure. His results were obtained accidentally in 
the course of some experiments on the action of the Roentgen rays 
after the injection of eosine. A 1 per cent, solution was used, and 
the waiis disappeared after a short exposure. A similar exposure 
had no effect on the parts which had not been injected. To be 
conclusive, this experiment should have been carried further, and 
a number of warts should have been injected without irradiation, 
to see if the eosine alone was not the cause of their destruction. 

Hohknecht advises a dose of 8 H. in a single seance, with careful 
protection of the surrounding skin. 

We have treated a number of cases with the X-rays, almost 
invariably with excellent results. 

In one case several flat verrucae of the face yielded to a single 
irradiation of 4 H. The patient had a number of similar lesions 
on the arms. The warts on the face had entirely disappeared one 
month after the single irradiation, while those on the arms were 
unaffected. 

A cutaneous horn on the nose was also removed by the X-rays. 
A plate of \esA was prepared, with an aperture corresponding 

360 



RESOLVENT ACTION OJV EPITHELIAL NEOPLASMS 361 

exactly to the dimeDsions of the horn. Rays of penetration No. G 
were used, and the horn was exposed to an irradiation of 10 H., 
while the face was protetted by the lead mask. 

A fortnight afterwards the horn had changed in appearance. 
It was shrunken and atrophied ; it had altered in colour, and the 
base was of a violet tint. 

A second irradiation was given under similar circumstances, with 
a quantity of only 3 H. A fortnight later the horn fell oft', 
leaving a scar which was hardly visible. 

The most interesting case that we ha^'e met with is that of a 
young girl seven years of age, with enormous warts, about a dozen 
in number, on the fingers and metacarpal region. There was also 
one isolated wart situated on the external surface of the thumb. 
In order to protect the skin, which was very sensitive, we impi-o- 
vised a protective shield of mercurial plaster. A cast of the 
lesion was taken, and by aid of this aiiertures were cut corre- 
sponding to the vemicie. The nails were protected by small 
plates of lead. A certain number of the less penetrating, and 
therefore more injurious, rays were arrested by the mercurial 
plaster, and we were thus enabled to give an irradiation of 8 H. 
with safety. 

There was no marked reaction, and a fortnight later, on 
January 28, the warts were softer in consistence. A second 
irradiation was given of 6 H, or 7 H, 

On February i;J the warts were flattened, and there was some 
reaction in the neighbourhood of the joints. We waited for 
another fortnight, and then gave an exposure of i H. 

On April 7 all the wai-ts had completely disappeared, with the 
exception of the one situated on the thumb, which in consequence 
of its position had not been exposed to the action of the rays. 

This is an interesting case, since there can be no question here 
of spontaneous regression ; for why should regression take place 
only in the case of those lesions which were attacked by the rajs 'f 
It is much more logical to suppose that the radiations themselves 
determined the disappearance of the lesions. 

We are far from denying the spontaneous disappearance of 
verrucie in certain instances, in consequence of which so many 
fanciful remedies have acquired a reputation for the cure of warts. 

We would only insist on the fact that the X-rays have a 
destructive action on certain forms of this lesion. 
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In the treatment of a true cutaneous horn we may give a dose 
of 10 H. at a single seance, with rays of penetration No. 6 or 
No. 7, taking care adequately to protect the neighbouring skin. 

For ordinary venxica* a dose of 7 H. or 8 H. should not be 
exceeded. 

A single application is often enough, although occasionally a 
second irradiation may be necessary a fortnight later. 

Cahk I. — L. T., aged nineteen. Verruca* on the dorsal surface of both 
hands^ of eighteen, months' duration^ increasing in size and number. 

Noveudter 11, 1903. — An exposure is given, the hands being held side by 
side, and tlie focus-tube placed at some distance, so as to irradiate the whole 
surface of both hands. Soft rays of No. 5 quality are used, with a quantity 
of 4 H. or H. 

The patient is probably cured, as he did not return, although he promised 
to do so if the warts did not disappear. 

Cask II. — M. O., twenty-three years old. Has a cutaneous horn on the 
nose, which is 8 millimetres in length and 5 millimetres in thickness. It has 
been in existence for more than a month, and the fear of the resulting scar 
has prevented her from having it removed by a surgical operation. 

A plate of lead is prepared to shield the healthy skin while irradiating the 
lesion. 

Decemlter 1, 1903. — Dose of 10 H. with rays of quality No. 6. 

Ihfijemfmr 15. — ITiere is a violet-coloured zone all round the homy wart 
corresponding to the irradiated area, "flie horn is soft and diminished in 
length, and is beginning to desquamate. A second dose of 3 H. was given, 
and a fortnight later the horn fell off, leaving a scar which was barely 
visible. 

Cask III. — Mme. D., aged thirty-two. For the last two years has had a 
number of flat warts on the face. Similar growths are to be seen on the 
arms. 

The eyes, the lips, and the hair were protected by plates of lead, and the 
face was irradiated with a dose of 3 H. or 4 H. on each side, using rays of 
slight penetration (No. o). 

One month aflerwanls the patient returned completely cured. All the 
verructe had disappeared from the face without the appearance of any reaction. 
The warts on tlie arm, which had not been irradiated, still remained. 

In this case it will be noted tliat only those lesions disappeared which had 
been exposed to the action of the X-rays. 

Cask IV. — Mile. H. H., aged seven and a lialf A considerable number of 
large warts were situated on the dorsum of the left hand. A large wart on 
the thumb could not be irradiated in consequence of its position. 

January KJ. — A dose of 8 H. with No. 5 rays. The healthy skin is covered 
with mercurial plaster. 

January 28. — 'llie warts are softer and slightly smaller. Dose of 6 H. 
or 7 H. 
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February 13. — The warts are diminished in volume, and some of them have 
disappeared. They are detached in fragments. No disagreeahle sensation 
is felt. There is a slight redness around the lesions. Tlie treatment is 
interrupted. 

February 27. — The reaction has ahated, and the amelioration continues. 
A dose of 4 H. is given. 

March 17. — The amelioration is considerable. The reaction is still 
apparent. 

April 7. — All the warts which have been irradiated have entirely dis- 
appeared. The skin has regained its normal appearance, with the exception 
of a certain degree of pigmentation in places. The wart on the thumb which 
had not been exposed to the rays is absolutely unaltered. A dose of 5 H. 
is given to this. 

This is an interesting observation, since all the lesions were 
cured except the one which had not been exposed to the rays. 
There could be no question here of spontaneous recovery. 

Cancer. 

Long before Roentgens discovery various forms of electrical 
energy were employed in the treatment of malignant tumours. 

In a few rare instances we heard of complete recovery, but it 
may be questioned if the diagnosis in these cases was very exact. 
Most of the treatment was only palliative, and we may say that all 
varieties of electrical treatment have been tried without result. 

The whole aspect of the case is changed since Roentgens discovery 
and the employment of the new form of energy as a therapeutic 
agent. 

The first experiments were made with caution, but when the 
techtiique was better understood, a number of morbid processes 
yielded to the action of the Roentgen rays. 

Among others, cancer was the object of a number of experiments 
and after a period of indifference, the medical world woke up to the 
importance of radiotherapy in this disease. Conscientious observers 
determined to test the value of the new treatment for themselves. 
In some cases it proved satisfactory, in others it was unsuccessful. 
Nevertheless the idea spread that cancer could be modified, 
ameliorated, and even cured by the new process. 

Following on the dermatologists, the surgeons took up the 
subject, when they found that favourable results were obtained not 
only in epithelioma of the skin, but also in neoplasms of the deeper 
tissues. To-day the radiotherapeutic treatment of cancer has 
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become fashionable. Articles appear in the medical journals, and 
discussions on the subject occupy the attention of all the medical 
societies. It is applied not only to neoplasms of the skin, bat to 
tumours of deeper organs — the stomach, the liver, the kidneys, and 
the intestines, and to cancerous neoplasms of the breast, the tongue, 
and the uterus. 

Radiotherapy does not act as a caustic, but as a resolvent. It 
determines the retrocession of the cancerous process, and in this 
respect differs from all methods of treatment hitherto employed, 
with the sole exception of serotherapy, which as yet has had no very 
great success. 

In our opinion, radiotherapy is not as yet capable of modifying 
all forms of cancer. We say modify, for we cannot use the word 
cure, since, notwithstanding a number of midoubted and most 
encouraging results, our experience is still too short to enable ns to 
speak with certainty on this point. 

Success is almost certain in cutaneous neoplasms ; it is rare in 
cancer of the breast and internal organs. Forms of the disease 
which are exactly similar in appearance differ in their reaction to 
the X-rays. Some are ameliorated, while othei-s remain stationary 
or progress to a fatal issue. The cause of this difference may 
consist in a difference in the nature of the disease itself or of its 
surroundings. 

We are thus driven to study in detail the different localizations 
of cancer and its various forms. We shall indicate the method of 
treatment and the results obtained in each variety, commencing 
with a short historical sketch of the subject and concluding with 
its histology and pathology. 

Historical Sketch. — It was a Frenchman, Dr. Despeiffnes of 
Lyons, who first attempted to treat cancer by the X-rays. In 
1896 he published notes of a case of malignant disease of the 
stomach with advanced cachexia. A week^s radiotherapeutic treat- 
ment was followed by diminution of pain and reduction in the size 
of the tumour. In spite of this, the case proceeded to a fatal 
termination. The patient was treated at the same time with serum 
injections, a milk diet, and internal medicine ; it was therefore 
difficult to determine what part radiotherapy had in the temporary 
improvement. 

Encouraged by the success of Schlff* &nd Freund in the treatment 
of lupus, Thor. Stenbeck used the X-rays in the treatment of cancer 
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of the skin. Success attended the experiment and a radical cure 
was obtained, leaving a hardly visible scar. 

Sjiigmi and BoUaan cou6rined these results. 

Reports of their success reached the New World, and American 
physicians, attracted by the novelty of the process, undci-took a 
series of experiments of the subject. They at once enlarged the 
sphere of action of the X-rays. In his first publication on the 
subject, Merili alludes to a recurrent cancer of the breast, vhich 
was treated by radiotherapy, and WUliamx, Johnson^ and others 
obtained satisfactory results in similar cases. 

Following the example of Mtrill, Clark, in June, 1901, published 
a case of ulcerated cancer of the breast, which had cicatrized almost 
completely. 

From this time frequent reports of cases treated by X-rays CAme 
from America. At the Congress of the American Roentgen Ray 
Society in 1901, Pfnhhr of Philadelphia read a paper on the cure 
of cutaneous epithelioma, and in the same yeai' two other memoirs 
appeared by C]iam>H-rl-a>n and Towle on the same subject. 

In 1902 treatment by X-rays became more frequent, and reports 
of neoplasms cured by this means were published by ChaveK, 
Sfrtiver, and Sn'ihnd. 

In June, 1902, CuUy reviewed the whole subject before the 
American Association of Surgery. He came to the conclusion that 
the X-rays have an indubitable action on neoplastic growth, that 
deep-seated cancer is also influenced, and that in all cases they 
produce a diminution of the pain. Later on, Snotc, Skinmr, 
Gibgon, A'ltTf (, Morton, and otiiers, published reports of cases treated, 
and endeavoured to explain the pathology. 

In 1903 American physicians adopted the new treatment with 
even greater enthusiasm, and innumei*ablc works on the subject 
appeared. One of the most interesting of these is that of Skinver 
in the Medical Standard for March, 1903, which contained a most 
able resume of tlie whole subject. 

Whilst this progress was being made in America, Europe seemed 
to be at a standstill. The first reports were received with 
incredulity, and, either from scepticism or ignorance of the 
technique, no European practitioner was found to take up the new 
treatment. Radiotherapy was exclusively reserved for the treat- 
ment of cutaneous diseases. In the literature of the subject we 
can only discover the works ail^jetiw, of Schiiller and Perthes, and 



S86 RADIOTHERAPY IN SKIft DISEASE 

the manuscript report of Doiimer and Lemohie, which was sent to • 
the Academy of Medicine in May, 1903. 

An interesting review by AlbtTf-lVnl&nd Gaidlkur V Hardy, irooi 
whicb we have already quoted, Hist made known the labours of I 
Ameiican observers to French readers. 

The interest aroused in Europe soon bore fruit: results were 
published by Mikid'w:i, Schiff', Pertlies, Kienlmk, Freund, Holz- 
kneckt, SchoUz, Ehrmann and others. 

In France we may draw attention to the work of Vigouroux^ 
De Mandahi, BlIoI, with Brocq and Bissfrii, followed by Biclire, 
Haret, Ouilin, Tuffier, Doumer, Lemoine, and many others. 

In the beginning of 1904 radiotherapy took a more assured 
position in the treatment of cancer. Although its efficacy is 
doubted by many and denied by some, it has nevertheless mode 
great progress. It has, at all events, obliged those who affected 
ignorance and indifference to attack it openly, which is in itself 
a step in advance. 

After this date the works on the subject are so numeitiua and 
the successes so frequent, that it, is impossible for us to pass them , 
all in review, however briefly. Here we must bring the history of 
the movement to an end, resening a notice of the more interesting 
publications to the chapters on each separate disease. 

We have shown the evolution of the X-ray treatment of cancer, 
which was initiated in France, tried in Eurojie, and gi-eatly 
developed in America, coming back to us from the New World i 
almost like a new discovery, unknown to us before. 



Cutaneous Epithelioma. 

In 1900 Thoi: Sttmheck published two cases of cancer treated by 
the X-rays, One of the patients had crateriform ulceration of the 
nose. After careful microscopic examination the case was diagnosed 
by Sedir/io/m as an epithelioma. Treatment was continued from 
July 4 to April SI of the following year, and resulted in complete 
recovery. The second case of rodent ulcer was likewise completely 
cured, the treatment lasting from September 15 to December 15, 
1899, The lesions were completely healed, and the scar-tissue waa 
supple, and almost like normal skin. 

About the same time Sjiigrcn obtained a marvellous cure of an 
epithelioma of the face. The crusts fell off and the ulceration 
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Lcaled, complete cicatHzation being obtained in the course of two 
iths. The reaction was moderate, and the appearance of the 
cieatiis was most satisfactory. The case is reported in Alaffinui 
Mailer's able monograph on the influence of light on the skin. 

These successes were confirmed by ItoUami in collaboration with 
Simheck. 

From the year 1900 Johnson and itfrriW employed this method 
in America, They reported that it diminished the suppuration in 
cases of cutaneous epithelioma, and that the i-esulting cicatrices 
were very satisfactory. 'ITiey used soft tubes, and set up sharp 
reaction. Some fifty seances were needed to obtain a complete 
result. 

In England Stqwira treated a number of patients suffering from 
cutaneous epithelioma. Of eighty cases, thirty were cured. In 
his opinion the unfavourable results are met with in those cases 
where the disease has attacked the bones and cartilages. In a 
paper read before the Manchester Congress of 1909, he recognised 
■the fact that a certain number of recurrences are met with in cases 
which had !»een apparently cured, as far as objective symptoms 
were concerned. A new series of exposures, however, speedily 
caused the disappearance of the recurring lesion. He describes the 
edges of the carcinomatous ulceration as lieing more obstinate and 
slow in healing. 

Subsequently the publications of John Ltc, S'kinnn; Gibson. 
Colqj, Allen, and others, confirmed the reports of their prede- 
cessors, and gave additional evidence of the value of radiotherapy 
in this disease. Williams writes : ' Aflei- having cured several cases 
of cancer by the new treatment, I gained confidence enough to be 
able to assure my patients that they would he most certainly cured 
if the tumour from which they suffered was really cancerous in its 
nature. When I was in doubt as to the nature of the tumour, I 
gave a more cautious prognosis. I soon found that other neoplasms 
were equally amenable to radiotberapeutic treatment. In the 
X-rays we have a most powerful curative agent for nearly all 
cutaneous tumours, except those of syphilitic origin.' 

Grubbt has come to the same conclusion. ' The X-rays,' he says, 

ihich are very efficacious in the treatment of malignant tumours, 
probably act by stimulating phagocytosis." 

Of late years radiotherapy has become, particularly in America, 
the ordinary method of treatment. Chami»Thiht reports thirteen 
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cases of cancer, the greater number of which were cured by the 
X-rays. He used a hard tube with successive exposures of five or 
six minutes each. 

Ferguson^ Starting Ridheford^ Butler^ Stuver^ and others, had 
equally good results. 

In 1902 Taylor presented to the Medical Association of Liver- 
pool four patients affected with epithelioma of the feu^e, whom he 
had cured by the use of the X-rays. In three of these cases the 
cicatrization was complete; in the fourth case the condition was 
improved, and the pain was completely relieved. 

Pvffh treated four cases of rodent ulcer with good results. The 
cures were completed after thirty-six, thirty-five, thirty-two, and 
twelve seances respectively, each being of five to ten minutes^ 
duration. 

PfaMer had four cases, two of cancer of the nose and one of the 
eyebrow. Three of these" were cured and one was improved. 

Merill has seen cases which had been cured two years and a half 
previously, and which showed no signs of recurrence. As a result 
of his experience he gives the following figures : Recovery, 62*5 per 
cent. ; amelioration, 25 per cent. ; unaffected, 12*5 per cent. 

Snow^ Sweety Shields^ Satlandy Vance^ and Butler have also ob- 
tained excellent results. 

In a number of cases Coley has used the injection of toxins in 
addition to the X-rays. He is convinced of the superiority of his 
method over other modes of treatment. 

In most of his cases Turnure reports successful results in the 
treatment of superficial epithelioma. In one case, however, that 
of a cancer of the lower lip, which recurred three weeks after extir- 
pation, the lesion was not apparently influenced by the X-rays. 
The duration of the seances was therefore increased, the only 
result of which was that an ulcer of considerable extent appeared on 
the lip. 

In discussing the pathogenesis of the cure of cancer Pusey con- 
siders that the X-rays are able to destroy tissues of less resistance, 
without injuring the healthy stroma in which they are imbedded. 
The more he sees of the treatment of epithelial tumours by radio- 
therapy, the more is he convinced of its efficacy. The cicatrices 
are very satisfactory, and the results quite as durable as those 
obtained by surgical treatment. Some of his successful cases have 
had no relapse after a period of eighteen months, and from the 
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appearance of the cicatrices he has every reason to believe that the 
cure is permanent. The principal advantages of the method are 
the ease of its application, the absence of pain, the smoothness of 
the scar, and the adaptability of the method to inoperable lesions, 
or where an operation would be dilGcult, as on the eyebrow or nose. 
He finds that radiotherapy is not so successful in cases affecting 
the lower lip. 

Mti'licagen maintains that the disease on which radiotherapy 
exercises the most beneKcial effect is epithelioma. He is quite 
convinced of its value in cases of rodent ulcer and superficial epi- 
thelioma. It is, however, not equally efficacious in all cases; some 
improve quickly, some verj- slowly, while others do not seem to be 
affected. Thus he obtained no result in a case of Pagefs disease 
in the eczematous stage, whilst the result was most favourable in a 
case of ulcerative epithelioma of the eyebrow. Heating may be 
completed without any sloughing or destruction of the afi'ectcd 
tissues, but in other cases an ulceration occurs, which gradually 
tills up with healthy tissue. The duration of the treatment is very 
variable. 

Stelicagen was one of the first to advise the mixed method, 
consisting in a superficial operation, followed hy a series of irradia- 
tions in order to prevent recuixence. He thus explains his 
method : ' I am more and more convinced that the best treatment 
for ordinary cases is enucleation, either by excision, curetting, or 
cauterization, followed by a series of irradiations. This method 
gives a more rapid result, with less chance of relapse. Many 
patients however prefer the painless treatment by X-rays to the 
more energetic and rapid procedure,' 

He sets up a moderate i-eactioii. ' At the beginning of the 
treatment,' he says, ' the tube is placed at a distance of 10 to 
\9. inches, and the exposure lasts five minutes. This is repeated 
twice a week for a fortnight. If at the end of this time there is 
uo reaction or amelioration, the irradiations are repeated three 
times a week, with a duration of ten minutes, at a distance of 
S inches. This distance may be gradually diminished to 5 inches. 
If there is no improvement, the seances are prolonged to fifteen or 
twenty minutes, so as to produce a slight erythema. Occasionally 
a slight dermatitis occurs, necessitatiug the suspeusion of the 
treatment. This sharp reaction is often followed hy an ameliora- 
tion, which continues long after the dermatitis has disappeared." 

24 
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J. Morton of New York reconiniends the use of soft fociis-tubc 
in the treatment of supcrlidal epithelioma. He considers tlud 
the judicious use of X-rays will prevent the recurrence of c 
after operation, and that radiotherapy is often preferable to opera 
tion, which does not give a very high percentage of permanet 
cures. The results of radiotherapy will compare favourably v 
those from surgical treatment. 

Rinehart gives the following as the advantage's of the new treat- 
ment : It is not painful, the cicatrix is good, and it is possible to 
insui-e by its means the complete destruction of the morbid lesions. 

By taking the cases oi Alien, Zeisler and Childs together we g 
a total of twenty-three cases, with seventeen cures. 

In the opinion of W. Xi^tocomb it is not necessary to set i 
violent dermatitis. From an experience of thirty-one cases 1 
draws the following conclusions: If not too far advanced, epitl 
liomata of small extent are easily healed with little or no scarriajg 
When the disease has invaded the deeper layers, the cure is i 
difficult, although it follows in a majority of ca-ses. Recurrence 
are common, hut yield readily to treatment. In nearly evei 
instance there is relief of pain and cicatrization of the ulcerated' 
surface. The treatment prolongs life, and relieves the sufferings 
of the patient. Even in incurable forms it acts as a most useful 
palliative. 

O. T. Boicen gives the statistics of the General Hospital i 
Boston for 1903. Of fifty-five cases of epithelioma, twenty-niw 
were cured. Nine cases which are still under treatment wei 
improved. 

On the other hand, four cases of carcinoma of the breast vi 
invasion of the deeper tissues were not benefited by the X-rays. 

Williams has treated a considerable number of patients by thi 
method. He thus expresses his opinion of the result of treatmenjl 
of superficial epithelioma : ' Further experience teaclies 
most small cutaneous cancers of the skin are better treated 1 
the X-rays. Even in the graver forms of inoperable cases theg 
generally will prolong life and diminish pain.' 

In the course of a few years the only lesions which will 1 
treated surgically are those intermediate in character between thi 
benign and the inoperable cases. In certain instances it may 1: 
advantageous to combine the two methods. 

Most superficial neoplasms heal under the influence of th< 
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X-rays. It seems probable that this method will give results as 
good as those ohtainetl by operation. Time and a careful 
comparison of statistics will atone show if this is the case. 
Even if it should be proved that radiotherapy has no superiority 
over surgical treatment, it still has the great advantage of 
painlessness, and will therefore always be preferred by most 
patients.' 

In a detailed report made in 1903 by C. E. Skiimr of New- 
haven to the American Eiectrotherapeutic As-sociation he 
expresses himself thus ; 

*It may be affirmed that the X-rays constitute one of the best, 
if not the very best, means of treating malignant disease. 

' At first sight it may l)e thought that this assertion is in need 
of justification, but it is based on a number of facts which cannot 
be gainsaid. 

*1. Taking the total number of patients treated, already 
amounting to several hundred, both with operable and inoperable 
cases, the proportion of cures is as great as that claimed by any 
other method. Some authorities assert, doubtless with good 
reason, that the proportion of cures is even greater, 

' 2. Only a small pi-oportion of the cases apparently cured have 
shown signs of relapse. If one compares the recurrence following 
ablation or cauterization, the superiority of the X-rays is very 
marked. Moreover, in the vast majority of cases the recurring 
lesion has yielded to a second series of irradiations. 

' 3. The cosmetic effect obtained by the X-rays is incomparably 
superior to that obtained by escharotie or surgical application. 

' 4. The X-rays almost invariably relieve the pain caused by the 
cancerous process, without producing any ill effects on the general 
health.' 

Dr. Piiacy, in his masterly work on the therapeutics of the 
X-rays, writes : * As regards cutaneous carcinoma, unaccompanied 
by metastasis, there is a long series of well -authenticated cases of 
success. Radiotherapy can well stand comparison with all other 
modes of treatment in this respect. Even for cases well within 
the domain of ordinary treatment, as for instance, in small epithe- 
liomata, the new method defies comparison.' 

When one considers the conservative character of this observer, 
and the qualities which render him so eminent a judge, his opinion 
acquires a high degree of sigruficance, which is increased when we 
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find that almost without exL-eption he is in agreement with those 
who are best able to judge in these mattei's. 

Brwrs, Leslie, Robert, Smith, Fergitason, Levm:k,Walker, Bulklcy, 
Himlauai/, Bronson, F. H. Montgomery, Gilchrist, and Orttsby all 
agree that most excellent results are obtainable by this treatment. 

Miktdicz and Fittig have bad good success in cases of epithe- 
lioma of the face and in cancer of the breast. 

Perthes of Leipzig considers that the X-rays have a spetific 
action on cancer. He gives a resuiiiL- of ciises pubUshed by thirty- 
five diffei-ent authors, which shows that the superficial forms of the 
disease are most amenable to X-ray treatment. His own experi- 
ence confirms this. He made a careful microscopical examination 
of a specimen fi-om a recurring cancer which had been treated by 
X-rays. There was a complete disappearance of the cancer cells. 

As regards cancerous lymphatic glands, he finds that they are 
not influenced by X-rays of feeble penetration, but that irradiation 
with a hard tulie produces a notable detrease in si/e, and a corre- 
sponding alteration in the histological appearance of the glands. 

Kienbiick, Fremid, Hohknecht, Scltoltz, Ehrmann, Schiff, Gass- 
inaiiii, Mackentire, and ./. de Xohele have also had satisfactory 
results, while Fordyce has obtained a complete cure in the case 
of an epithelioma of the nose. 

Lassar considers that radiotherapy is of service in the case of 
cancerous growths, and perhaps in other malignant tumours. He 
does not however believe that it produces a radical cure, while in 
some cases it even seems to aggravate the condition. 

Leaser has treated five cases of cancer with X-rays, four of which 
were cured and one greatly improved. One case of epithelioma, 
cured after three exposures, has not recuiTed after an interval . 
of five months. Von Bergviann, on the other hand, considers that 
the only efficacious treatment of cancer is extirpation. 

Ixvy-Dorii has reported a case of widespread cancer of the face, 
grafted on an old lupus of thirty years' duration. It was com- 
pletely cured after a treatment of nine months' duration by means 
of the X-rays. At the present time the cicatrix has a healthy 
appearance, and thei-e is every probability that the cure is 
permanent. 

Kewieth iVdh regards the X-rays as exercising a favourable 
inHuence on cancer, and he even speaks of their caustic effect. In 
a total number of 216 cases of rodent ulcer, there has been a com- 
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plete cure in 141 instances, 43 cases of impi'ovenient, 16 in which 
no alteration has occurred, and & in which the condition has 
been aggravated. This shows a successful result in 65 per cent, of 
the total number of cases which have been treateil. 

On the other hand, Morelle believes that better results may be 
obtained by the older methods, especially in superficial epithelioma, 
where the limitation of the lesion enables us to destroy or remove 
the whole of the neoformntion. The author recommends the 
curettage of the ulcer, more especially at the edges, followed by 
complete destruction of the skin by the therm o-cautery. In view 
of the uncertainty of the action of the X-rays in cutaneous 
epithelioma, he recommends their employment only in exceptional 
cases, in inoperable forms, or in very extensive lesions where com- 
plete removal is impossible. 

Heidingtfeld is of the same opinion, and prefers the use of 
caustic pastes. 

Dr. Hcnrard of Brussels published two cases of rodent ulcer 
cured by radiotherapy. In one of these the lesion was situated on 
the back, a very unusual position. 

In France there is but little literature on this subject. In 
addition to the work of Mgmtrnii.r and Cortiil, of Doiimer and 
Lemohie, of Monda'in and Biraiul, on cancer of the breast and 
other deeper structures, we have the reports of Chmioz of Lyons, 
who has successfully treated some cases of epithelioma, and among 
others a cancer of the vulva. He writes thus in the Journal rfc.v 
PraclkieiiJ dc Lyons: 'All authorities are unanimous as to the 
value of radiotherapy in cases of superficial cancer. Numerous 
photographs taken before and after treatment are conclusive on 
this point. When the irradiations are properly given, the cells 
of the neoplasm alone are attacked, leaving the healthy tissue 
unaffected. This may be seen on microscopical examination. It 
would seem that some cellular mechanism of which we are ignorant 
causes the rays to exercise a greater destructive action on cancerous 
than on normal tissue.' 

In 1903, in conjunction with Drs. Brocq and BiixerU, we 
presented to the Socictc de Deimatologic five patients suffering 
from cutaneous epithelioma. All had been greatly improved by 
X-ray treatment, and the majority were cured of all objective 
symptoms. Again in 1904 we showed a second series of cases, 
accompanied by photographs of tlie patients. 
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As long ago as 1903, in all i-c]K)rts of cases we gavi 
ments of the dose used, and we are happy to see that 
in this respect has been followed by later writers. 

In February, 1M4, Tnffifr, Hard, and Desfo^m published iio1 
of a patient apparently cured by this proeedure. It was a case 
epithelioma of the ata of the nose of ten years' duration. Rays 
No. 5 penetration were employed. During the first month a d< 
of 6 H, wa.s given, spread over thirteen seances. During 
second month a dose of 16 H. was given in twelve 
Cicatrization occurred aftei- some delay. 

A little later Dr. Blclin- showed at the Societc de Deriimtologie 
several patients affetteil with neoplasms which had been cured by 
the X-rays. Some time before this he had obtained successful^ 
results both at the hospital and in his private practice, but 
hesitated to publish them until he was absolutely certain of thea 
perniaiienie. 

More recently still, in June, 1904, at the Socit-te Medicale des 
Hopitaux, he showed a case of vegetating epithelioma of the 
teniporo- maxillary region which had been cured by radiotherapy, 
The patient was a man of seventy yeai-s of age, with a cancel 
ten years' duration, resulting from a shot wound received twenty 
years before. The lesion was the size of a five-shilling piece. 

A microscopical examination by Dr. Beaitjard showed that it w( 
a lobulated epithelioma. In some places thei-e was a tendency 
diffusion and to the formation of epidermic globular aggregationi 

The treatment lasted from February S to May 2. It I'onsisted 
of thirteen seances — three during the fii-st week, nine at intervals of 
a week, and one after a lapse of -seventeen days. The doses were 

4 H., with the exception of the last two, which were increased toi 

5 H. Rays of penetration No. 6 were used. 
At the present time a hardly visible cicatrix is all that can be 

seen on the site of the tumour (Plate XIII.). 

In order more cleai'ly to demonstrate the special action of tl 
X-rays on the neoplasm, the neci-otic action of the rays and 
irritative effects were carefully avoided. 

* The Roentgen rays in this case," says Balire, ' appear to hav«1 
acted in a specific manner, without ulceration or infiamniatioii. 
They have caused the diminution and regression of a tumoi 
which was continuously progressing up to the time of treatment. 

'Pathological experiments had already shown us that 11 
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Roentgen myS| in their irritaDt and inflammatory action on the 
skin, did not act primarily on either vesBels or nerves, but on 
the cells themselves. A process of chemical dissociation was set up 
in the interior of the cells, analogous to that produced on a photo- 
graphic plate. As a result of this chemical dissociation, cellular 
lesions occur. It is this cellular lesion which, after a longer or 
shorter period of latency, provokes the inflammatory phenomena 
of reaction. 

' The therapeutic action of the Roentgen rays is due to the 
primary cellular lesion, and not to inflammatory reaction, which 
should in most cases be avoided. The cellular lesion consists in 
swelling of the nucleus, granular degeneration and destruction of 
protoplasm. This is shown by lessened reaction to staining 
reagents. The whole is a process of degeneration, usually terminating 
in cellular death. 

'The primary cellular lesion is rigorously limited to the area 
in'adiated. According to Kieabikk''» law, the degi-ee of this lesion 
and the severity of the secondary inflammation depend only on the 
quantity of rays absorbed. Moreover, we find in healthy as well as 
in diseased tissue a great diflei-ence in the sensitiveness of different 
ceils to the rays, so that we may legitimately speak of the selective 
action of the X-mys, 

' As regards normal tissues, the cells of the skin are most sensitive 
to the Roentgen rays. In diseased states the cells constituting 
the various neoplasms are by far the most sensitive. In general 
a tissue is sensitive to irradiation in proportion to its softness, 
its juiciness, its richness in protoplasm, and the rapidity of its 
molecular renovation.' 

He concludes; 'One cannot doubt for a moment the speciflc 
action of the Roentgen rays on cpitheliomatou^ tumours.'' 

In the early days of radiotherapy Lfrvddc was doubtful of its 
utility. He has, however, lately made a communication to the 
Academy of Medicine on fifteen cases treated with the X-rays, and 
his conclusions are strongly in its favour. His work has inspired 
the inaugural thesis of Ih-. Coriat on the treatment of cutaneous 
epithelioma by the X-rays, in which are some observations of 
interest, 

Darkr has also reported some successful results. 

Bergonii has just published the case of a patient suffering from 
a cancer of the eyebrow and orbit, which was growing rapidly and 
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wsM quite inoperable. The patient was cored by the X-fajs, bat 
anfortunately the authors give no infonnation as to the dose 
absorbed. 

At the Congress of Grenoble, in 1904, Dr, Bidm read a com- 
munication from my friend Dr, Hard on some cases of cataneoas 
epithelioma treated by the X-rays. The results were venr satis- 
factory, and each case was accompanied by a detailed radio- 
dosometric chart. 

At the same meeting M. Rebovl^ surgeon to the hospital at 
Nimes, reported two cases of cutaneous epithelioma. Tlie following 
are his remarks : ^ The action of Roentgen rays on superficial 
epithelioma of the skin is undoubted. It should be used in all 
cases of considerable extent, and in those where ablation is 
impossible. It is also advisable to submit the patient to a course 
of radiotherapeutic treatment after operation.* 

At the International Congress of Dermatology at Berlin some 
most interesting cases were exhibited, showing the action of the 
X-rays on superficial neoplasms. 

Good results have been obtained by Lassar^ Holzknechty Schiff'^ 
Biclire^ and Leredde^ and, in conjunction with Dr. BUserii^ we have 
published a few of our successful cases. 

On the other hand, von Bergmann^ persisting in his original 
opinion, condemns radiotherapy as a systematic method of treat- 
ment, and would reserve it for inoperable cases. 

In October, 1904, at the Surgical Congress, Tuffier made an 
interesting report on the i*adiothera^eutic treatment of cancer. 
He allows that it has an incontestable effect on cancer of the skin. 
Amelioration sets in from the eighth to the fifteenth day, and 
healing is often complete in two months. 

It must not be concluded that all cancers should be treated by 
the X-rays. When a surgical operation can be performed early 
in the course of the disecise, it is in many cases preferable. On 
the other hand, in widespread cancer of persons beyond middle 
life the Roentgen rays are to be preferred. 

In the foregoing pages I have treated briefly, and I fear in- 
completely, the main results obtained by radiotherapy in the 
treatment of epithelioma of the skin. 

Reaction. — From what precedes we may conclude that abso- 
lutely conclusive results have been obtained by most observers who 
have tried radiotherapy in the treatment of cutaneous epithelioma. 
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If, however, we compare the technique employed by diffei-eiit 
operators, we shall be Burprised at the divergence. Some, like 
M'illiaiiu, prefer ravs of feeble penetration, while others, like 
Cr(x-kcr and Morton, employ hai-d tubes. The duration of the 
seances, their frequency, and the interval between them, differ 
according to the operator. Some count by seconds and others by 
minutes. As to the quantity of rays absorbed, it is generally 
omitted in the report, although it is the factor of the greatest 
importance. In France, however, this datum is usually given 
clearly by such writers as Tuffier, Haret and Denjoaset, Bn'lere, 
Btvci/, and Bianerie. 

The mode originally employed was that of Sckiff'&nd Freniid, 
consisting of short seances of a few minutes, repeated two or three 
times a week, and continued till some change in the appearance of 
the disease is produced. 

The methoti by means of ma,ssive doses, advocated by Kmibiick 
of Vienna, and by Beclert in France, is getting more universal 
every day. 

According to this method, a dose of 5 H. may be given once a 
week, as recommended by Kienhi'ick and Bicllri; or once a foitnigbt, 
as Notre prefers. ^ 

Not only does the method of application vary, but the degree 
of reaction sought differs with different practitioners. 

The severity of the reaction will vary from erythema to necrosis 
according to the quantity of rays absorbed by the skin. 

Pfahler, Maill and Johnson lieHeve that it is necessary to pro- 
duce a moderate dermatitis ; while others, like SjUgrcn and SchoHz 
in the early days, did not hesitate to set up a violent reaction. 
WiUiums, Allen, SK-irt, Leonard, Zviflrr, CampbeU, Hyde and 
MoiHgoiiicry, and BecUre have all published cases of cure without 
any appearance of dermatitis. 

Slrlwiiffcn believes that a moderate reaction is requisite for cui-e. 

It is difficult to come to a definite conclusion in the midst of 
these contradictory opinions. 

No one method is pi*cferable in all cases. Indeed, there is no 
such thing as a method for the treatment of cutaneous epithelioma, 
since all epitheliomata are not similar. 'ITie disease exhibits a 
great variety of forms, both from a clinical and a histological 
point of view, and its evolution differs greatly in different cases. 

It will be necessary, therefore, to study the different types of the 
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disease, in order to see what forms ni-e amenable to treatment, and 
what precise method should be adopted in any given case. 

Indications for Treatment. — It may be doubted if all 
forms of cutaneous epithelioma are amenable to treatment by the 
X-rajs. Ought one in all laMes of cancer of the skin to proceed 
at once to radiotherapeutic treatment ? 

The answer must be in the negative, as in many cases such a 
course would inevitably fail. 

There ai* many modes of treatment to choose from — the X-rays, 
cauterization, curetting, surgical ablation, or a mixed treatment of 
superficial scarification and radiotherapy. 

In what conditions is the first of these preferable to all the 
others ? What are the forms which are most readily influenced 
by the X-rays ? 

Take, for example, an inoperable case of cancer of the face, with 
involvement of the bone. In such a case radiotherapeutic treat- 
ment must be tried with an intensity corresponding to the severity 
of the lesion and the rapidity of its fjrowth. The X-rays will 
probably not effect a cure, but they will cause some amelioration, 
with diminution of the pain and offensive odour, and in this way 
act as a most efl'ectual palliative treatment. 

A more usual type is epithelioma complicated with affetrtion of 
the glands. It is often difficult to determine if the glands are 
cancerous. ' In a case of doubt,' says Leredde, ' operative procedure 
is required. One might indeed treat them by radiotherapy, hut 
it is better to remove them at once by a surgical operation,' 
Evidently this would l>e an excellent procedure if its realimtion 
were always possible. Most of the glands accompanying an epi- 
thelioma may bo removed by an operation, but one can never be 
certain of getting Hd of all possible foci of disease. 

Moreover, it often happens that when the glands are but slightly 
affected, the irradiation of the primitive lesion will produce a 
diminution and disappearance of the glandular enlargement. This 
fact has been noticed by several authors. 

In conjunction with Bimeric', we have noticed this phenomenon 
in several cases of epithelioma accompanied by adenitis. 

Whilst in most eases the adenitis is cancerous in its nature, in 
some it may be only inflammatorj'. On admittance to hospital, 
the lesion is usually in a very unhealthy state. It haa been 
treated bv all sorts of external medications ; it has been irritated. 
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and often subjected to secondary infection. In consequence an 
adenopathy has been set up, or a pre-existing one may have lieeii 
aggravated. 

The mere cleansing of the ulceratetl surface by aseptic powders 
or lotions is often followed hy a decrease of the enlarged glands. 
This action may be accelerated by the X-rays, which destroy the 
offensive odour, increase the discharge, diminish suppurations, and 
encourage granulation. In this way hy merely cleansing the 
wound they may cause a diminution of the inflamed glands. 

On the other hand, hy their direct action on the cancerous cells, 
the X-rays may produce a decrease in si/e of the enlarged glands. 

In conjunction with /Jr. /ii.i.wiie,vie had under our care a young 
woman suffering from recurrence after operation for cancer of the 
breast. Two of the superficial glands were enlarged, and one 
somewhat deeper in the axilla. At the commencement of the 
treatment, the irradiation was directed exclusively on the Ijreast, 
notwithsteuiding which the glands in the axilla disappeared at the 
same time as the nodules on the skin. We have frequently seen 
carcinomatous glands disappear under dii-ect irradiation of moderate 
intensity. The fact is coiToborated f>y Pcilu-^ of Leipzig. 

Surgical interference is therefore not of necessity indicated in 
all cases of cutaneou!t epithelioma aivompanied by adenitis. 
Moreover, glandular enlargement commonly occurs only in the 
later stages of the disease, when it has become inoperable. Even 
when an operation has been jierformed with i-emoval of the glands, 
it will l>e advisable to follow it by a series of exposures in order to 
diminish the chance of recurrence. 

Cancer of the lower lip, which is often accompanied by enlai'ged 
glands, is an exception to the above rule. For some unknown 
reason disease in this situation appears to be but little influenced 
hy the X-rays. The iri'adiations do not seem to cause cicatrization, 
and the disease progresses in spite of them. The adenitis too 
remains stationary. We are not aware if anyone has irradiated 
the glands directly, but their disappearance would not be of great 
impoi-tance as long as the primary lesion remained unaltered. 

The above facts have been noticed in America for some years 
past by Pusey, WhHU; fittitciigeny and Gikhrwt ; Hydt and 
Montgomery have noticed a temporary improvement, followed by 
a rapid aggravation. IflUiamf and Shcp/wrd advise recourse to 
surgical intervention in these cases. Other authoi-s, however, claim 
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successful results. We have ourselves had but little experience, 
but in one case of cancer of the lower lip the disease was aggravated 
rather than improved by radiotherapeutic treatment. 

There seems therefore to l>e something special in cancer of this 
locality which renders it refmctory to treatment. 

Perhaps, as Daricr imagines, our want of success is due to the 
type of epithelioma which occurs on the lips and mucous mem- 
branes. This form, which he calls ' Hornkrebs,' progresses rapidly, 
and constitutes a morbid type, deep, malignant, and highly 
infective, which rcBists all treatment. Hence he recommends early 
and complete ablation. On this supposition it is difficult to 
account for the favourable action of the rays in neoplasms of the 
mucous membrane apparently identical with this affection of the 
lip. Probably there is some histological difference in the two 
- forms of the disease, but the situation of the lesion renders this 
very difficult of proof. 

It is highly desirable that further experiments should be made 
on this subject, since it is possible that our want of success is due 
to some defect in technique. 

Meantime it is better to have recourse to complete removal by 
surgical means, followed by a course of radiotherapeutic treatment 
commencing eight or ten days after the operation. The dose 
should be ii H. or 4 H., repeated at fii-st once a week, and after- 
wards once in every fortnight or three weeks. 

We had under our care a patient from whom an epithelioma of 
the lower lip had been removed two months previously. There 
was marked induration of the region operated on, accompanied by 
some spots of leukoplasia on the lower lip. 

After a course of irradiation, the induration completely dis- 
appeaied, the lip regained its flexibility, the cicatrix became almost 
invisible, and the leukoplasia completely disap}jeared. 

The form of epithelioma which is most rapidly modified is that 
which is characterised by a central ulcer covei-eii by a crust, and 
surrounded by a thickened and prominent boi-der, I^ertdik and 
Hdllopeair have given to this variety the name of 'adult epithe- 
lioma.'" In these cases radiotherapy is without doubt the best 
method of treatment. The edges rapidly flatten, and the resulting 
cicatrix is often hardlv visible. 

The variety of epithelioma with sanious ulceration, with pre- 
cipitous borders and a hardened base, is rapidly improved, although 
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cioatriiiatioii occurs more slowly than in the previous variety. 
Rarliotherapy also gives good results when the lesion is a vege- 
tating one, exuberant and invading a large surface. One of two 
methods may be used. The first is to use intense irradiations, 
as recommended by fVillfeirns, m order to destroy the tumour; tJie 
cancerous elements are then subsequently cast oft' like foreign 
bodies. ITie other nicthcxl is to employ a mixed proeedui-e, as 
described by Stehcagiu, which consists in using the X-rays 
together with superficial scarification. 

A cure may Ije obtained by radiuthempy alone even when the 
lesion is extensive, but the ti'eatment is tedious, esjiecially when 
all violent reaction is to be avoided. 

We are accustomed in these cases to perform a preliminary 
scarification in order to flatten the growth without removing any 
of the diseased tissue. \Vc then immediately apply the X-rays, 
which seem to have a hamostatic action. In this way we obtain 
most excellent results in a comparatively short space of time. The 
cicatrices are very good, haully visible, and without any retraction, 
and we know of no other means which will yield results at all 
comparable with this. 

When the tumour is covered with crusts it is better to remove 
them with the curette. If thi/t is not done, the cure is not so 
rapid, as the crusts apparently arrest a portion of the radiations. 
Similar cases treated with and without curetting have given very 
different results. In one case, a cancer of the nose, we were only 
successful after removing a large, dry, adherent crust which covered 
the diseased area. 

The last variety which we shall discuss is 'epithelioma perle.' 
This may be simple and n on -ulcerated, or it may consist of a 
central ulceration of greater or less extent surrounded by the 
pearl-like epithelial growths. In these cases it is not easy to 
ensure a cure by radiotherapy alone. After a few exposures the 
cicatrization of the ulceration is rapid, and the pearls diminish in 
volume, but their complete disappearance is very slow. We are 
therefore in the habit of clearing ofT the pearl-like growths by 
means of the curette, and following this by a series of moderate 
irradiations. 

Another factor which has an influence on the choice of treatment 
is the situation of the epithelioma. 

If the lesion occupies the trunk or the limbs one can without 



8B9 RADIOTHERAPY IN SKIN DISEASE 

great inconvenieine employ the simplest raethotl of procetlui-e — 
excision. When, however, the lesion is in its more usual position 
on the fate, the cosmetic result becomes of the jtreatest importance 
In some cases operation or cauterization may be possible without 
too great loss of substance. Nevertheless, however carefully it is 
carried out, the scar left by an operation is usually much more 
disfigurint; than that after rad loth erapeu tic treatment. The latter 
leaves hardly any trace, and where the neoplasm has been of small | 
extent it is often impossible to distinguish its position. 

In ulcerated forms, when the loss of substance by operation I 
would be considerable, the X-rays have a great superiority over 1 
the knife. The reparation is complete, and the new skin which i 
covers the ulceration is only a little finer, a little whiter, and j 
rather more atrophic than the rest of the face. 

Finally, epithelioma at the margin of the orifices, the &\k of the 
nose, the eyebi-ows, and the ears, should be treated by X-raya. 
Reparation in these canes is affected without deformity and with- 
out retraction, and the result will be much less disfiguring than 
after an operation. Itecurrences after radiotherapeutic treatment 
are not more frequent than after operation. We have obtained a 
large number of apparent cures, and we consider that radiotherapy 
will in great measure supersede surgical intervention in cases of j 
epithelioma of the skin. In certain situations, the lower lip more 
especially, it still i-equives the knife ; but it is possible that our 
lack of fiucc-ess is due to some defect of technique, which may be 
obviated in the future. 

In vegetating and crusted forms, as well as in epithelioma peile, 
a slight scarification is advisable, if not indispensable. 

As WtUmms says, we are gradually coming to the opinion that 
most cutaneous forms of cancer are more amenable to radiotherapy 
than to surgical treatment. He says : ' In a few years the only 
cases which will be treated surgically will be those which are 
midway between inoperable and Iwnign forms. A combination of 
the two methods often yields admirable results.' 

Even admitting that the two procedures are equally good, radio- 
thei-apy has the following advantages : ITie treatment is painless, 
and where pain exists it is abated. Any offensive odour that may 
exist is destroyed. ITie nervous patient has no longer the dread 
of the knife before him, and it is always possible to have recourse 
to an operation if radiotherapy fails. There is no need for derma- 
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titU; at most a somewhat pronouuced erythema is reijuired. The 
cosmetic results are superior to those obtained by any other pro- 
cess, the cure is usually rapid, and the patient is not obliged to 
leave his occupation. 

In addition to this, the chances of recurrence are less, for the 
X-rays appear to have a direct and selective action on the elements 
of the neoplasm, and are therefore less likely to overlook any 
remaining foci. On this point we may look with assurance to the 
future for enlightenment. 

In any given case the Burgeon may often hesitate in the choice 
of treatment. He must be guided by the situation, the mode of 
evolution, the form and the appeaiaiice of the lesion, remembering 
that the ulcerated forms of adult epithelioma are the nmst easily 
cured. 

Method of Treatment, — We must next consider the usual 
mode of treatment, but this will necessarily vary according to the 

It depends on the following principles : 

1. To cause the absorption in one or two seances of the largest 
dose which is compatible with the integrity of the tissues. 

2, To wait before proceeding further for the phenomena of 
reai'tioD to appear, and if these are violent to wait further until 
they disappear. 

In a case of epitheliomatous ulcer with raised margin, we may 
give a dose of 8 H. to 10 H. in one or two consecutive seances. 
The irradiation should include a margin of healthy skin at least 
5 millimetres in breadth. If the lesion is in one of the more sensi- 
tive regions, such as the nose, it is wiser not to exceed a dose of 
7 H. or 8 H. with rays corresponding to No. 5 or No, G on Benoist's 
scale. The patient is told to return in a fortnight or three weeks" 
time. After this interval the treatment is continued, or we may 
await the further evolution of the reactive phenomena. As a rule, 
we shall And that the ulcenition ha-s ali-eady diminished, and the 
inflammation is lessened. A second dose of 7 H. to 9 H. is then 
given, followed by another interval of a fortnight or three weeks. 
.\fter this, a third exposure may be given if the state of the skin 
permits it, this time with a smaller dose of 5 H. or 6 H. if the 
lesion is in a state of regression. 

If the lesion is stationary, we may give S H. or 9 H., and so on, 
gradually diminishing the dose as the disease disappears, and the 
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reaction becomes more marked. It may be noted that ulceral 
epithelioraata easily bear an exposure of 8 H. or 9 H., and that 
our experience a violent reaction is quite exceptional. 

In cases where curetting precedes the radiofhei'apeutic treatmenf 
we proceed as follows : The vegetating surface is levelled by 
of the curette, but it is not necessary to follow the deeper pi 
longations of the disease. After four or live days the first 
tion may be given, with a dose of 8 II. or 10 H., which is perfectly 
well borne by a surface denuded of integument. After two or 
three weeks a second irradiation with the same dose may be given, 
after which decreasing doses succeed until cicatrization is completail 
The region is treated with a thick paste of zinc, and the skin iM 
sprayed before each irradiation. ■ 

By this means we cured a large epithelioma involving the nose 
and lower eyelid. The improvement was rapid, the treatment 
luting about three months, with a total dose of only 35 H. The 
cosmetic result was perfect. The lower lid, which before the treat- 
ment was somewhat ectropic, is now quite normal. It is certaii 
that no other mode of treatment would have given equally g» 
results (Plate IX.). 

When we have to treat a cutaneous epithelioma which is 
ulcerated, or one which has recuned after operation, the modi 
procedure is somewhat different. Two methotis are at our disposal. 

The first consists in the exhibition of a dose of 7 H, to 8 H. in 
one stance, with an interval of a fortnight or three weeks before 
proceeding further. ITie reaction may be rather violent, increasii 
from erj'thema to ulceration. 

This inflammatory reaction is not necessary, as some authi 
assert, but it is veiy difficult to avoid it. IJke a stomatitis occur- 
ring during the course of mercurial treatment, it is an accident due 
to too large a dose. It must not be assumed that it is to be 
avoided in every case. In a severe and rapidly- progressing case of; 
syphilis, we should not I)e deterred from continuing the treatinenl 
by signs of mercurial intoxication. Just so with radiotherapVi 
We recognise the danger of slight dermatitis, and we know how 
avoid it; but the lesion may require for its cure a massive di 
greater than the skin will bear without reaction. AVe may 
regard the danger to the integument if the case rei]uires it. 

There are, in fact, some cases of epithelioma which 
stationary under a dose of ^ H. or 4 H., and which begin to im- 
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prove at once when the close is raised to 7 H. or 8 H. We have 
had many cases which prove this conclusively. 

^Ve are far from advising the use of radiotherapy as a caustic 
agent ; we do not consider that ulceration or sloughing is re<)uired 
for the cure of epithelioma. But in oi-der to obtain a rapid and 
definite result, we may in certain cases pi-escribe a dose of 7 H. or 
8 H,, a quantity capable of producing a severe erythema, which 
may be followed by excoriation. 

The second method consists in the irradiation of the lesion every 
week or ten days with a dose of 4 H, or 5 H. This procedure 
gives excellent results, but is frequently insufHcient. 

It has the disadvantage of not leaving an interval between two 
successive exposures long enough to allow of the complete evolution 
of the i-eaction, so that it is difficult to estimate the exact dose 
which should be given during the next seance. This method, 
therefore, requires a good deal of skill and experience on the part 
of the operator. 

The following are the usual phenomena of reparation : 

One of the first i-esults of treatment is the rapid diminution of 
pain, followed hy its complete cessation in the course of a few 

Nest, any ulceration that may exist is modified. The sanious, 
yellow, weeping surface changes its appearance, and the discharge 
at first is increased. l*his fact, which was noticed by f.,ered<k, 
is almost constant, pai-ticularly in cases where the ulceration is 
surrounded by a raised border. The patients say that the wound 
weeps a great deal. This is due either to an infiaminatory reaction 
set up by the X-rays or to the disintegration of the carcinomatous 
cells, the juice of which is eliminated by the discharge. At the 
same time there is a diminution of the fretid odour which charac- 
terizes the disease. The raised margin disappears, the ulc-er con- 
tracts, and the whole lesion becomes softer. In hemorrhagic 
cases the tendency to bleeding ceases. One can, as Ltridde says, 
see the reparation proceeding under one's very eyes. 

When the lesion is co\ered with crusts, these at first become 
thicker and more numerous, but afterwards fall off. New crusts 
are formed, but these ai-e thinner in texture. They in turn fall 
off more easily, and this is repeated until at last thev (-ease to tie 
reproduced. 

In cases where the ulceration is deeper, with sharply-cut borders, 

25 
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it is interesting to see tlie base of the ulcer granulate and becom 
gradually raised till it reaches the level of the skin, at last giiinj 
rise to a cicatrix which is hardly visible. The i-esults from i 
cosmetic point of view are most admirable, and far superior i 
those furnished by cauterization or other surgical operation. 

Accidental Reaction.— Radiotherapy has been accused 
producing serious accidents. Most of the cases reportwl, howev 
have followed the irradiation of deep-seated neoplasms. They 
quite exceptional in the treatment of epithelioma of the ski 
Nevertheless, we agree with C. V. Allen, Tai/hr. I.iwmr, Ou 
and others, that radiotherapy may in certain cases occasion 
aggravation of the morbid phenomena, or even an extension of 
carcinomatous foci. 

Instances have been reported of the occurrence of epithelial 
tumours on the cicatrices following dermatitis, and we have already 
alluded to the development of neoplastic growth on the hands of 
operatoi"s suffering from chronic dermatitis. Thus the X-rayBj 
which usually cause the regression of neoplastic growths, may 
certain exceptional cases determine their production, 

^Vhile allowing the accuracy of these assertions, we do not ; 
any contra -indication for radio therapeutic treatment 

It must be remembered that other cicatrices besides those whii 
follow radiodermatitis may be the starting-point for malignant 
growths. Cutaneous cancer may be developed on an ordinary 
.suar, which forms for the moment a point of least resistance. 

The accidents which sometimes occur to the hands of opemtors 
do not affect the point under discussion. They are due to the 
daily absorption of minute doses of the rays, and require yeai's of 
exposure for their production. They are out of the question 
the ordinary coui-se of treatment. 

The septic intection due to absorption of cancerous debris 
only possible when the lesion occupies a considerable surface, 
has invaded the deeper layers. This is never the case wi 
cutaneous epithelioma. 

In the whole course of our radiotherapeutic practice we have 
never seen a case of intoxication from this cause, nor have we 
observed any complication of the general health among the many 
cases of cutaneous ejiithelioma which we have treated. 

All our cases treated by this method have been impiwed, and 
most of them have been cui-ed, while a few are still under treab^; 
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ment. In 1903-1904 we treated S7 cases of epithelioma of the 
skin at the Broca Hospital. Of these, 15 were apparently cured, 
7 were improved, and 8 are still under treatment, while 4 have 
left of!' attending the hospital. The total doae absorbed by each 
patient kbs 20 H. to io H. We have had only one case of recur- 
rence, and this yielded promptly to a second series of irradiations. 

It will be seen that the percentage of successes is very satis- 
factory. In most cases the patients were completely cui-ed by 
a month's treatment. 

As regards the permanency of cui'e, the statisti<:« which have 
appeared up to the present time are most encouraging. But are 
we yet justified in forming a very optimistic opinion on the value 
of radiotherapy ? We have not had sufficient length of exjrerience 
to say. When the patients apparently cured have remained so for 
four or five years, it will be time enough to answer this question. 

Meantime, we do not assert that cancer of the skin can be 
permanently cured by this method. What we do affirm is that 
radiothei'apy temporarily removes the objective symptoms of nearly 
all cutaneous neoplasms, that the cicatnces are most satisfactory, 
and that the chances of recurrence are less than in any other mode 
of procedure. 

Cancer of the Tongue and Mucous Membrane. 

We have ah'eady touched on the lack of success in the treatment 
of the lip by X-rays. We shall not return to the subject. 

Cancer of the Tongue. — Engmann and Astht-r SUva have 
each reported a cure of cancer of the tongue by this method. It 
is imfortunate that no histological examination was made in either 
of these cases. 

D'lcKmn has obtained considerable amelioration, but the results 
are usually much inferior to those obtainable in cutaneous cancers. 
Slartin has also reported the regres.sion and cicatrization of an 
ulcerated epithelioma of the tongue. 

Perthes of I-eipzig did not obtain good results in cancers of the 
tongue and of the floor of the mouth. 

Probably the action of the rays is different on various types of 
the disease. lATedde has some interesting remarks on this subject. 
A case came under his treatment suffering from vegetative epithe- 
lioma of the tongue, on which there were three distinct foci of the 
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disease. One was papillomatous, without any adventitious covering' 
while the other two were covered with a horny layer. Irradiatioili 
was directed on alt three lesions at the same time. After two or' 
three seances, the lesion first descriljed was diminished, and 
epithelial tissue disintegrated, whereas the other tumours resisted 
the action of the rays, and remained unaltered even af^er several] 
exposures. 

In June, 1904, Bisnerie communicated to the Academy of 
Medicine two cases of cancer of the tongue cured by the X-rays. 

The patients had Ijeen examined by Sabouraud, Brwq, and 
TUUiiur ; the diagnosis therefore admitted of no doubt. 

One of these presented on the hack of the tongue a tumour of] 
the sire of a bean, with an indurated base. There was also a leuco- 
plasia with induration of the dorsum of the tongue, with a hanii 
and swollen submaxillary gland. The patient suffei'ed severe! 

After a few exposures the tumour and the leucoplasia entirely 
disappeared, and the tongue regained its normal flexibiUtv, 

A second patient presented a tumour the size of a sixpence, with 
indumtion of the whole tongue, accompanied by terrible pain in 
the tongue and eai-. After two months" treatment, consisting of 
three exposures, the tongue regained its normal appearance. 

Without aHirming the permanence of the cure, the author taay 
yet congratulate himself on having secured so good a result, 
especially when we consider the malignancy of lesions in this situa- 
tion. It is unfortunate that no microscopical examination was 
made of the legion. 

At the Congress of Grenoble Reboul reported the case of a female 
patient of fifty-live with epithelioma of the tongue, which involved 
the corresponding pillar of the fauces. The treatment was not 
followed by success. The pain was diminished by the first irradia- 
tion, but after the third exposure the tumour increased, and the 
treatment was abandoned. 

Dr. lU-cUrc exhibited at the Berlin Congress the cast of a tongue 
attacked with a vegetating epithelioma, which had been cui-ed by 
radiotherapy. A cast of the tongue taken after treatment showed 
an organ which wa.s absolutely intact. The microscopical examina- 
tion made at the commencement of treatment confirmed the 
diagnosis. 

AVe have ourselves treated several cases of cancer of the tonguct 
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1 varying results. In most of the cases a large portion of the 
tongue was att'ected, and the glands were enlarged. 

Id every instance we noticed a marked diminution in the painful 
symptoms. In some cases the leucoplasia disappeared, and the 
tongue became softer, without, however, any sensible diminution 
in the size of the tumour. In one instance, that of a large epi- 
thelioma on the under surface of the tongue, there was a sensible 
diminution of the tumour. After a time, however, the tongue 
became hard and covered with white patches, with erosion and 
hypertrophy of the papilliE, In this case, which was quite inoper- 
able, it may be doubted if the X-raya produced any favourable 
eft'ect. 

Id another case the history is interesting as illustrating the 
choice of treatment. 

The patient was a man with a history of syphilis. He had on the 
edge of the tongue a small, hard, protruding tumour the size of a 
pea. We saw the case in the country, and mafle the diagnosis of 
epithelioma, which was confirmed later on by Dr. lirotq. 

We determined to remove it by surgical means, and to irradiate 
the scar. The patient, however, consulted a specialist, who ordered 
him a course of mercurial treatment, although a previous one had 
been without result. 

The patient grew worse, and when we saw him again he had a 
typical epithelioma of the tip of the tongue. This was slightly 
ulcerated, of the size of a sixpence, and level with the surface. 

The lesion was removed by an operation, without much loss of 
substance, as may be seen from the appearance of the tongue. 

A microscopical examination confirmed the diagnosis. 

The healing was slow, and there remained a spot of doubtful 
aspect at the end of the tongue, which bled freely. 

One month after operation an irradiation of + H. to 6 H. was 
given, and this was repeated every fortnight. 

At the present time there is no sign of recurrence, although the 
operation dates back to June last. There is no pain, the tongue 
is soft, and the scar is barely visible. The suspicious spot has 
regained its normal appearance, and we have every reason to hope 
for a permanent cure. Irradiations at intervals of a fortnight are 
stilt continued. 

From these observations it is evident that a favourable result 
r be obtained in certain cases of epithelioma of the tongue, 
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where the lesion is well delineated, and not accompanied by meta- 
stases. It is well to bear in mind, however, the gravity uf the 
disease in this situation, and the difficulty of irradiation. 

When possible, especially if the gnuvth is of a considerable 
it is wise to combine surgical treatment with radiotherapy. The 
two methods arc not antagonistic. ' Radio- phi rurgical ' treatment, 
as B4cU'rc calls it, is often of Incstiiiiahle advantage to the patient. 

When there is no enlargement of glands, and the lesion is small, 
hard, nodular, and easily bleeding, it should, without doubt, be 
removed by a surgical operation. The loss of substance is small, 
and the result rapid. After cicatrization, or even before it is com- 
pleted, the site of the lesion should be iiTadiated. The esposuresi 
will hasten cicatrization if that is incomplete, and cause the absorp- 
tion of any diseased cells which may have remained behind, and 
which form foci for a recurrence of the disease. 

In operable cases of a more serious nature, one should take 
into consideration the age of the patient, the condition of his 
nervous system, and the possibility of removing the whole of the 
disease. In this case a pieliminary surgical operation is indicated, 
followed by a course of radiotherapeutic treatment. 

In inoperable cases, or in cases where an operation would result, 
in excessive mutilation, radiotherapy is to be preferred. It is much 
more acceptable to the patient, and even if they do not cure 
the analgesic action of the X-rays makes them an escelleni 
palliative. 

It is difficult to irradiate the tongue successfully so a; 
thoroughly on the diseased portion without affecting the rest ol 
the mouth. In our earlier attempts we endeavoured to draw thei 
tongue out of the mouth by a pair of forceps of special i-onstruction, 
while protecting the rest of the mouth with a lead shield. Tl 
plan was not successful, as the patient could not beai- the pain ft 
more than a few minutes. 

With the use of a localizer the treatment is much simplified. A' 
tube of suitable size is introduced into the mouth, and the patient] 
is directed to place the tongue in the required position against 
aperture, In this way fairly long exposures may be made without- 
much fatigue. 

We have had some localizer tubes made, in which the pli 
the aperture is oblique, so as to be able to reach all jiarts of th< 
mouth. The only objection to their use is that the irradiat 
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not equable over the whole surface. The convenience of the 
method, however, far overbalances this disadvantage. 

These localizer tubes are, in our opinion, much superior to the 
special focus-tubes desired by Oud'tn. These are very expensive, 
and only of use in certain cases. The intensity of irradiation is 
just the same with the localizer and with the special focus-tube, 
since it depends only on the position of the anticjithode in respect 
to the irradiated area. In the special tubes the anticatbode is 
placed at the centre of the tube, and a cylindrical prolongation 
gives exit to tlie rays at its extremity only. To have any real 
advantage, this tube should be constructed so that the anticathode 
can he brought into close proximity to the disea.sed area. The 
results are exactly the same, whether the conducting tube be part 
of the focus-tube, as in the special form, or attached to it as a 
localizer. The latter has the further advantage of simplicity, 
solidity, economy, and adaptability to all the cavities of the body. 
Lesions of the face, the cheeks, the uterus, the rectum, and the 
nasal foss^ may be easily treated by its means. 

In the treatment of cancer of the tongue the rays should be 
No. 6 or No 8 on Uenoist's .scale, varying in penetration according 
to the size of the tumour. 

It is difficult to prescribe the quantity of rays which should be 
given, in consequence of the varying aspect of the lesions we are 
called on to treat. 

As it is of impoi-tance to avoid reaction, we should not exceed 
4 H. or 5 H. for each application. We have never had a serious 
inflammatory reaction. Biaserii- used the same procedure in the 
cases treated by him. A period of twelve to fifteen days should 
intervene between consecutive exposures. 

Cancer of the Uvula and Palate. — Mccuio has reported a 
case of primitive cancer of the uvula and soft palate, which was 
cured by excision and subseijuent irradiation. Pyofcaxor Ehnnnnn 
and /'reuMt/ obtained a remarkable amelioration in a case of epithe- 
■ lioma of the palate. What we have said of cancer of the tongue 
applies etiually to these casew, but in our opinion an operation 
should pi-ecede radiotherapeutic treatment whenever possible. 

Cancer of the Larynx. — Morton treated a ease of thisdiseaae 
sent to him by Dclavan, The patient improved, but ultimately 
died of Brighfs disease. 

Schvppe^iU reported a case of cancer of the larynx cured after 
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January (y, 1904. — Cicatrization is advanced ; there is no pain ; there is still 
an ulcerated spot in the centre, which is again irradiated. 

D<i8e, 3 H. 

Jnnmiry 21. — Cicatrization is almost complete ; there is still a small nicer, 
the fnze of a lentil, at the inner angle of the eye. The cicatrix is healthy. 
The lower lid, which had not been scraped, is improved. 

Dose, 4 H. 

February .5. — There are some suspicions spots on the root of the nose, at 
the angle of the eye, and on the lower lid. These had not been curetted^ and 
were shielded from the X-rays by the lead mask. They are now slightly 
scraped, and immediately afterwards exposed to the rays. 

I>06e, 8 H. 

February 10. — The irradiated skin is in reaction, and bright red. Healing 
continues. 

February 26. — Cicatrization is complete. There are no signs of activity. 
The scar is healthy. The ectropin has disappeared. (Plate VIII.) 

To prevent recurrence a final exposure is given, and the patient is dis- 
charged. 

Dose, 5 H. 

In this case the rapidity of the result and the satis£Bu;tory appearance of the 
scar were greatly due to the radiotherapeutic treatment. The scraping was 
quite superficial, and did not remove the diseased tissue. 

Case II. — Mme. M., aged sixty-eight. Epithelioma of the left cheek, 
ulcerated, with haid edges, sharply excavated, but without raised margins 
The base is indurated. There is a good deal of itching. The ulcer com- 
menced a year ago afler an accident. (Plate XI.) 

December 24, 1903. — Seance of twenty minutes ; rays, Nos. 4 to 5 ; dose, 
5 H. to 6 H. 

December 25. — Second seance of fifteen minutes ; dose, 4 H. 

January 11, 1904. — ^The ulceration has improved in appearance ; it is not 
so hard, and the itching has diminished. There is only slight reaction. 

Seance of twenty minutes ; dose, 5 H. to 6 H. 

January 12. — Seance of fifteen minutes ; dose, 4 H. 

January 29. — No noticeable reaction ; the ulceration and hardness have 
diminished. There is marked improvement. 

Se'ance of fifteen minutes ; dose, 4 H. 

January 30. — Seance of twenty-five minutes ; dose, 5 H. to 6 H. 

February 15. — The ulcer is almost healed ; there only remains a crusted 
patch the size of a lentil. The crust is at the bottom of a depression, resting 
on a base which is still indurated. The irradiated skin is still red. The 
aperture in the mask is diminished so as to allow the rays to act only on the 
diseased spot. 

Seance of fifteen minutes ; dose, 4 H. 

February 16.— Se'ance of fifteen minutes ; dose, 4 H. 

March 1. — The ulcer is healed ; some redness and itching remain. TTie 
site of the ulcer is still harder than the parts adjacent. 

'Die treatment is suspended, as there is considerable reaction. 
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February 28. — A small projecting^ crust has made its appearance at the 
centre. The hase is not so hard. 

Seance of fifteen minutes ; dose^ 4 H. 

April 28. — The scar is very satisfactory in appearance ; there are no crusts, 
and the patient is apparently cured. A slight depression shows the site of 
the former lesion. The skin looks healthy, and the uiduration has greatly 
diminished. (Plate X.) 

Seance of ten minutes with more penetrating rays (No. 7)^ in order to act 
on the deeper tissues and prevent recurrence. 

Dose, 3 H. 

This patient was shown to the Societe de Dermatologie. 

Case III. — Mile. V. Epithelioma of the nose extending over the left 
cheek, and involving the ala of the nose ; serpiginous, with numerous crusts, 
vesicles, and phlyctenule, with serous discharge. 

The disease hegan thirteen years ago. It was treated by scraping and the 
actual cautery. Subsequently the patient was treated by phototherapy by 
Dr. Leredde, coming up from the country for each seance. 

October 14. — ^The patient came under my care. 

Seance of twenty minutes ; rays. No. 4. 

Equivalent spark, 2^ centimetres ; electrical constants, 16 volts and 
4 amperes. 

Dose, 4 H. 

October 15. — Second exposure similar to the first. Dose, 4 H. 

October 24 to 25. — No great change. 

Dose, 6 H., in two seances, each of twenty minutes' duration. 

November 6. — The phlyctenuliB have disappeared. The lesion has dried 
up : it is red in colour, with white patches. At the extremity of the nose 
and around the ulcer some crusts still remain, with sero-purulent discharge. 

Only one seance is given. 

Dose, 4 H. 

November 24. — The patient is very pleased with the improvement. The 
crusts have come off — even those from the tip of the nose, which was exceed- 
ing painful. The phlyctenule have disappeared. A few crusts appear 
around the lesion. 

Dose, 4 H. to 5 H. 

November 25. — A second seance ; dose, 3 H. to 4 H. 

There was some redness after the exposure on November 24, probably a 
pseudo-reaction. 

December 9. — The reaction has been excessive, and is still very pronounced. 
New crusts have formed, but less abundantly. The nose is red, and has the 
appearance of lupus. A few phlyctenule are to be seen. These frequently 
made their appearance even before the commencement of the irradiations. 

January 4, 1904. — The reaction has quieted down ; the skin has a cica- 
tricial appearance. Dr, Brocq, who examined the patient, considered the case 
as completely cured, with a most satisfactory result as far as appearance is 
concerned. The patient was photographed. 

January 28. — ^Two or three white pearl-like structures are to be seen at the 
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liiternBl angle of tlio eye. These hH<I beoii covered by the lead mask. Tliey.fl 
are irradiated in two si-ances of fifteen minutes' and ten minutes* duration. 

Dose, B H. 

April 1.— The cure is complete. (I'late XI.) 

Tlie iMkttent wbb shown on two occasions to the Socie'te do Dermatologie. 

Cask IV, — M. F., agetl sixty-siv. Cutanuous epithelioma of the temporal-fl 
reg^'oD i)f n concrete seboirliccic type. Has been treated for a year by photO'l 
therapy without result. 

From January 13 to March 14 the patient received four ej:p03ure« « 
No. 6 rays, and doses of 8 H., 4 H., a H., and 3 H. 

Plate XII. uhowB the result of the treatment. 

Cask V.^Mme. J. J., aped fifly-five. Epithelioma cominenriiiK at tlie 1 
side nf the nose, of the t^ize of a crown-piece. Has destroyed the back of the 
nostril and invaded the cheek. Tliu centre is cicatricial, and the ed^^ are 
spreading, with an ele\-ated border and pearl-like nodules, with a few ulcerated J 
and bleeding gland». 

Anguxt 14, 1903. — First exposure with No. 5 rays ; dose, 6 H. 

AiigiiKt 21. — Considerahle improvement ; the ulcerated and bleeding points 1 
have disappeared. Most of the crusts have fnlloii off. 

lieplrmfirr II. — A few epitheliomatous points still remain, but these have 4 
not spread. 'Die ulceration ou the ala of the [luse has returned to a amall I 
extent. Tlie rest of the snrfaeo is improved. 

From this date till November 27 the patient had five 
irregular intervals, with a total dose of 24 H. 

Nttvfvibrr 27. — ^The gerieral ap[)earanee has improved. 
some crusts are to he seen on the lower lip and j 

Uose, h n. 

jVo>WHf«T 28. —Uose, 3 H. 

liefrtnlier 12. — There is still some reaction of the 
' remain on the side of the nose, and nodules in the vicinity of the lip. 

Dose, h H. 

Janitiirff 4, 1004. — ITie crusts and nodules have disappeared after a s: 
reaction. The treatment is suspended till the reaction has ceased. 

Marrk 24. — llie patient only returned after nn interval of o 
months. Tliere is a yellow crust on the side of the i 
ulcerated point at the commii^urenf the upper lip. 'Ilienosf 

Dose, H. 

April 15.— The part wli 
of the nose a small induration covered hy 
An intense irradiation was jfiveii. 

May 7. — There ha.'' been a sharfi reaction with 
formation of crusts, and some pain. 

A ^eosy crust has formed rin the dorsum of 
scraped and irradiated. 

Dose, RH. 
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The putieut U still under trentmeat Tlio result is gooi, ihfcn^h n 
perfect, llie lesion was a very He\ere one, aiul tlie treatment had to ba 

interrupted more than once on actouiit of ill-hi;alth. 

t'ABE VI.— Mme. 1'., aged sixty-five. Epithelial aodule ou Die lide of 
the nose. 'ITie lesion is of the size and appearance of half ■ p«a, and m of 
two year>^' duration. Has been treated by si-raping without euccets. 

Five series of expORures were fc'wmi lietween September 12 oud Octotier 2fl 
ISJOJ. Dose, 7 H. to 8 H. in each series of two exposures. 

tktober 20. — Tlie nodule was diminished conHiderably in aax. Tlie patient 
did not continue the treatment. 

t'AsE VII.— Mme. B,, ajjed fifty-six. Epithelioma on the forehead. Tie 
lesion commenced sixteen years ago by a iniall pimple. 

\ microscopic examination was made by /Jr. Leitglet, with the reg^ l&at 
the lesion was found to be an epithelioma. 

The disease is the aiiie of n crown-piece, and is situated on the mediB kc 
of the forehead. The skin is atrophic and shining, and ulcerated iji Am 
A few scales are to be seen. 

Oclofjfr 31, 1903.— Dose of 4 H. with No. -5 rays. 

Xofenihrr 2. — Dose of 2 H. 

NovembiT IB.— Dose of ^ H. 

Nftvfniber 1".— Dose of 3 II. 

November 28.— Improvement ; marked redness ot rcaotioa. ITibmA 
are fadiiig away. 

January 17, 1004.- Dose of 4 H. 

January 18. —Dose of 8 H. 

fV)niar!f .1.— 'Jliere is no trace of the lesion, but the tepm MdM 
The irradiations were of slight intemuty, tn consequeni-e of tlw^i^ 
of the skin ufthe forehead. 

Tlie patient was shown to the Socieli; de Dermatulogi& 

Cabb VIII.— M. H-, ajred sixty-three. Epithelioma of ths wkUik 
nose, ciiiisistiiig of a liani nodule the nze of a haricot-bwa. 

From October 3 to Jainiary l.i, liKM, the patient WifrM^af 
two exposures, with a dose nf f! H. to 8 H., giviuir n told i^fM ^ 
V.T. -" wrri.- employed, and the reaction was at times cooriUb ^^ 
■" ' '■■!i was reduced to the jiie of «[uj^ 
' .p^iil was cjitnpletely cure<i 
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Novemlfer 20. — The tumour is diminished in size. The eye is visible. 
Reaction is moderate. 

Dose^ 5 H. 

November 21. — Tlie pain is considerably lessened. The patient sleeps 
well. 

Dose, 5 H. 

Tlie patient left the hospital. 

TTiis case only shows a certain diminution of the tumour. The result might 
have been better if the patient had continued treatment. He was a country- 
man and was tired of Paris. 

Case X. — M. B., aged eighty. Epithelioma of the nose. The lesion com- 
menced fifteen or twenty years ago by the appearance of a small hard nodule 
on the dorsum of the nose, which bled easily. 

A surgical operation was performed five years ago. There was no recurrence 
for three years. 

Two years ago a hard nodule appeared on the left ala of the nose. At the 
present time there is a small ulceration with hardened edges, 5 centimetres 
long and 1 centimetre in width. It bleeds freely, and the whole nose is covered 
with telangiectases and is of an unhealthy appearance, l^e case is almost 
inoperable. 

The patient complains of pain. Ilie case has been treated with caustics 
without result. 

June 4, 1903. — The diseased area is exposed to the X-rays, the rest of the 
nose being shielded by a sheet of lead. 

Kays, No. 5. The left ala of the nose is irradiated. 

Dose, 5 H. 

June 5. — The pain is less and the nose is less sensitive. 

Dose, 4 H. 

June 11. — There is no pain. The lesion is redder and there is a serous 
discharge ; reaction has begun. The treatment is suspended. 

June 23. — The irradiated area is still in reaction ; the discharge has 
increased. 

July 2. — There is but little serous discharge ; the crusts are diminished ; 
the centre is depressed and of a yellow colour ; the raised edge is flattened. 

July 9. — The lesion is healed ; nothing remains but a few crusts around the 
periphery. The patient is very pleased with the result ; there is no pain. 

As the nose is still hard, and has a suspicious spot near the tip, an irradiation 
is given to the whole nose, the normal incident rays being directed on the 
cicatrix. 

Dose, 4 H. 

July 2;3. — llie condition is improved ; the nose is softer ; here and there 
are a few crusts, which seem to be foci for new epitheliomatous growths. An 
irradiation of the whole uose is given. 

Dose, 4 H. 

July 29. — ^The condition is stationary ; a new crust has formed on the 
cicatrix, which is again irradiated. 

Dose, 4 H. 
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A second irradiation is directed to the tip of the nose, where there is a 
growing lesion. 

Dose, 5 H. 

October 28. — ^The end of the nose is still diseased. 

Dose, 9 H. 

November 10. — ^The region which was last irradiated is slightly ulcerated and 
weeping ; the ala of the nose is quite healed ; the whole nose has an unhealthy 
appearance. 

Dose, 4 H. 

November 17. — ^The whole nose is again irradiated. 

Dose, 5 H. 

December 5. — ^The nose is of a reddish- violet colour, with here and there 
a few small vesicles, llie tip of the nose is ulcerated, hut the epithelial 
growth has disappeared ; there is still a good deal of reaction. 

December 12. — The ulceration of the tip of the nose persists ; the whole is 
less red ; the lesion on the ala is healed. 

January IG, 1904. — The nose looks well ; nothing remains except a small 
crust on the tip of the nose. Jyr, Brocq, who examined the patient, advised 
the treatment of the cicatrix, which was of a keloid appearance and covered 
by telangiectases. 

Dose, 4 H. 

March 18. — A short irradiation is given to the tip of the nose. 

Dose, 4 H. 

April 7. — A small crust has made its appearance on the left side on the site 
of the original lesion. 

Dose, 5 H. 

May 20. — An irradiation of the whole nose is given to prevent recurrence. 

Dose, 5 H. 

The patient was told to return every month to be watched. The case 
cannot therefore be considered as permanently cured, although it is greatly 
improved. 

The patient was shown to the Societe de Dermatologie. 

Case XI. — Mme. L., aged forty-one. Cutaneous cancer of the left ala of 
the nose, of eight years^ duration. 

The patient suffers from diabetes. For many months she has been treated 
by Casermf* method, with slight improvement after three months' treatment. 
After this there was a recurrence and extension of the disease. 

At the present time there is an ulcerated epithelioma, with sanious base 
and hard border, which is raised at one point. The ulcer, which S&\\ centi- 
inetres in diameter, is increasing in size. 

The irradiation is given with our installation, driven by a RuhmkorfF coil. 
Rays of penetration^ No. 5 of Benoisfs radiochromometer are employed. 

Juiy 16.--Do8e^ 4 H. 
. Juku 31. — There is some improvement ; the discharge is increased and 
healing has commenced ; the edges are lower, especially in the more projecting 
portioiia ; there ia slight reaction. 
- niMe,4H. 
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August 21. — The improvement continues ; the healing is complete ; the 
projecting point is smaller^ but there remains a raised line round the 
periphery. 

September 11. — ^The raised edge is no longer visible ; the site of the lesion 
is only marked by a few hard papilla; ; the epitheliomatous nodule is much 
smaller. 

Dose, 8 H. 

October 10. — ^The aspect of the lesion is good ; the nodule still subsists. 

Dose, 8 H. 

November 6. — The skin is normal ; the nodule still persists. 

Dose, 8 H. 

November 23. — ^The skin is red, and the nodule is diminished in size. On 
the edge of the diseased area two or three pearl-like excrescences are to 
be seen. 

Dose, 6 H. 

November 24. — ^The skin is red, and the patient complained of itching after 
the irradiation of yesterday. This is a case of pseudo-reaction. Two exposures 
are given. 

Dose, 3 H. 

December 9. — There is sharp reaction, with pronounced erythema and pain. 
The nodules and pearls are hardly visible. The treatment is interrupted for 
a time. 

January 25. — The inflammation has subsided, but there still remains a 
small indurated point, which is irradiated. 

Dose, 6 H. 

February 16. — The reaction has not been marked. A longer exposure is 
given in order to finish the case. 

Dose, 10 H. 

March 7. — The irradiated area began to get red three to seven days after 
exposure, and gradually assumed the tint of wine-lees, which it has at the 
present time. 

For the last four days there has been a sanguinolent discharge from the 
left nostril when the patient blows his nose. There is some pain on the 
irradiated spot. The centre is slightly ulcerated. It should be noted that 
this reaction was purposely set up. 

May 3. — Objectively the cure is complete. ITie cicatrix is hardly visible. 

The patient was shown to the Societe de Dermatologie. 

Case XII. — M. G. L., aged sixty, gardener. Epithelioma of the left side 
of the neck of five or six years^ duration. The disease commenced by a small 
pimple, and progressed slowly. 

He has been treated for the last year or two with ointments and cauteriza- 
tion without any effect. He complains of pain and itching. 

The lesion is oval, 6 centimetres long by 2^ centimetres broad. 

The base is hollow, ulcerated, discharging, with no attempt at healing. 
It is surrounded by a hard raised edge, which is not ulcerated. 

December 28, 1903. — Kays No. 6 ; seance of fifteen minutes ; distance 
20 centimetres ; dose, 2 H. or 3 H. 
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December 29. — Second seance of fifteen minutes under the same conditions; 
dose, 2 H. or 3 H. 

January 12, 1904. — The itchin|]^ has diminished, and the hase of the ulcer 
looks more healthy. The raised edge is flattened. 

Dose, 2 H. to 3 H. ; rays. No. 6. 

January 13. — Dose, 2 H. to 3 H. ; rays, No. 6. 

January 28. — There is slight reaction. The pain is greatly diminished, but 
the tumour has not sensibly altered since the last visit. 

Dose, 3 H. ; rays. No. 6. 

February 12. — ^'ITie growth is decreasing ; it is much flatter, and is now 
only the size of a sixpence. Tlie edges are less prominent ; the surface of the 
original lesion is covered by a dry crust ITiere is a slight discharge during 
the night, but no pain or itching. 

Dose, 4 H. to 5 H. 

February 13. —Dose, 2 H. to 3 H. 

March 3. — The case looks better, and there is no discharge. There is a 
slight itching due to the reaction. 

Dose, 2 H. to 3 H. 

March 4.— Dose, 4 H. to 5 H. 

March 28. — ^The lesion is quite flat, and does not project beyond the skin. 
Nothing remains of the original ulcer except a crust in the centre, which is 
hardly visible. 

The induration is diminished. There is no adherence to the deeper 
structures. A slight amount of redness remains. 

Dose, 4 H. to 5 H. 

April 28. — Tlie lesion is no longer visible, and is cured so far as objective 
symptoms go. A slight cicatricial depression marks the site of the original 
ulcer. There is no induration or tension of the skin, which is quite normal. 

The total duration of treatment was four months. The irradiation was not 
very intense in consequence of the distance of the focus-tube, llie reaction 
was in no instance excessive. 

A total dose of 34 H. to 40 H. was given. 

Cask XIII.— Mme. D., aged sixty. Epithelioma perle of five or six months' 
duration. It began by a small pimple the size of a bead below the right 
eye, 1 centimetre from the base of the lower lid, and 2 centimetres from the 
dorsum of the nose, lliis grew rapidly, till it has now attained the size 
of a pea. 

November 26, 1903. — Electrical constant^ 10 volts and 4 amperes; rays, 
Noe. 4 to 5. 

November 26. — There was a certain amount of pain and smarting after 
yesterday's seance. 

Dose, 3 H. 

December 10. — Slight reaction ; the pearl-like growth is somewhat flattened. 

Dose, 6 H. 

December 11. — Dose, 3 H. 

The patient was not seen again till March. 

March 4. — Tlie epithelioma is reduced to three-fourths of its original size. 

26 
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The remainder is removed by the curette, and the radiotherapeutic treatment 
is resumed. 

March 17. — The ulceration following the scraping is irradiated. 

Dose, 4 H. to 5 H. 

March 18. —Second exposure. 

Dose, 5 H. 

Both of these exposures were given with the apparatus driven by a static 
machine. 

Aprii 25. — 'ITie case was examined by Dr. Brovq, who considers the patient 
cured. The scar is healthy, and hardly visible. In the centre is a small 
white spot, which shows the position of the pearl-like growth. 

May 7. — A final irradiation is given to prevent recurrence. 

The case was shown to the Societe de Dermatologie. 

Case XI V^ — Mme. B., aged fifty-seven. Epithelioma of the dorsum of the 
nose. The centre is black, and covered with thin crusts. Around the 
circumference are pearl-like excrescences on an indurated base. 

February 17, 1904. — Dose, 10 H ; rays. No. 5. 

March 10. — Slight reaction at the circumference. A crust remains at the 
centre. The whole is more supple, and the growth at the edges is regressive. 

Dose, 3 H. 

March 30. — llie general appearance is excellent. No trace of the legion 
remains, but only a slight redness. A dose of 3 H. is given to guard against 
recurrence. 

Case XV. — Mme. P., aged sixty-five. Epithelioma of the eyelids on the 
left side. The patient was sent us by Dr, Afnidie. Covering the inner third 
of the lower lid was an ulcerated surface of the sia^ of a sLxpence. The upper 
lid presented on its inner surface an epithelial growth, projecting beyond 
the margin, and not ulcerated. The eyelids had retained their power of 
movement. Tlie disease began three years ago . 

April 18. — Dose, H ; rays. No. 5. The eye is protected as much as 
possible. 

May 3. — The growth on the upper lid is diminished. On the other hand, 
the ulcer on the lower lid is deeper and larg^er. TTie edges are more red and 
swollen, and the border of the ulcer is of a violet tint. 

May G. — Dr. Siiizer examined the patient, and thought that the inflamma- 
tion of the eyelids was of an infectious nature . He recommends a continuation 
of the treatment. 

Dose, 6 H. 

May 27. — The ulceration has completely disappeared. Tlie eyelid is not 
retracted, and the position of the original lesion can only be made out by 
a slight alteration in colour. The papule remains, but diminished to one-half 
of its former extent. Dr. Ahadie, who saw the patient again, is astonished at 
the change. 

Dose, 7 H. to 8 H. on the papule. 

The patient is still under treatment. Tlie result so far is very satisfactory. 

At the present time the patient is almost cured. • 
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Case XVI. — Marie B., aged thirty-seven. The case was sent to us by 
Or. Castel, Cutaneous epithelioma^ commencing eleven years ago. The lesion^ 
which is situated on the margin of the ala of the nose^ has been treated by 
different procedures. 

At the present time the lesion is covered with a crust, with pearl-like 
excrescences on the nose. The uaso-genian groove is affected. 

March 9 and 10. — Dose, 9 H. in two seances ; rays, No. 5. 

March 28. — ^The reaction is marked, and there has been some epistaxis. 

April 14. — The reaction has abated. An irradiation is given to the lesion 
in the naso-genian groove. 

Dose, 6 H. in two seances. 

May 2. — 'Hie naso-genian groove is red. On the end of tlie nose there is 
a seborrhceic crust, which has fallen off here and there, leaving underneath 
it a red cicatricial skin, from which the pearl-like excrescences have dis- 
appeared. 

Dose, 5 H. 

May 1(5. — Sharp reaction, which is passing off. 

June 1. — The nose is much better, and may be considered cured. There is 
still a suspicious point on the naso-genian groove. 

Dose, 5 H. 

The patient is still under treatment, but the case may be considered 
cured. 

Case XV^II. — M. J., aged seventy-five. Small epithelioma on the right ala 
nasi of six years* duration. Treated in December last by the actual cautery. 

At the present time there is ulceration and incrustation. The edges of the 
ulcer are indurated, and a few epithelial pearls are to be seen. There is no 
infiltration. The patient complains of itching. 

From February 17 to May 20 the patient had six irradiations, with doses of 
8 H., 8 H., () H., 8 H., 10 H., and 5 H. respectively. 

The ulceration has noticeably diminished, and healing is progressing. Tlie 
c&oe was a very obstinate one, and we were therefore obliged to raise the dose 
to 10 H. 

The patient is completely cured ; the wound has healed without retraction. 
The appearance of the scar is most excellent. 

Case XVI II. —M. L., aged eighty-one. Epithelioma of the left ala of the 
nose, which is ulcerated and covered with a crust. 

Aprii 18. — Dose, 8 H. ; rays. No. 5. The case is still under treatment, but 
the improvement is undeniable. 

Case XIX. — Mme. P. B., aged si.xty-seven. Epithelioma of the forehead. 
The disease began three or years ago, and progressed gradually. An opera- 
tion was performed in November, 1903, and the whole was scraped down to 
the periosteum. There was a return at the end of six weeks. 

At the present time the lesion presents a curious appearance. There are 
two hemispherical growths about 8 millimetres in diameter and of the same 
height, on an indurated base the size of a five-shilling piece. The papular 

26—2 
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znfwth* are cnterifarm. with jurdened ed<«^ co ftrt d with whitened cmstPy 
whWrh bleed eanlj. The whole lenoo t» hard and adhetent to the deeper 
«tnirtore^ Hie patient annplain^ of rreat pain. 

The cra-t^ were rennyrfd br «crap(inr. and an irradiatioa foUowied. 

/V*rw«fy 20 ^Jf-rf 2:1— Total dose. 10 H. : ray^ Nol 5. 

Marfk i. — ^The legion i^ lea^t^ raised. The pazu has hcen ierere. The 
reartioti l« onlv «liirfatlT marked. The tilcented «iir€Mcs do not bleed so 
eaxilr. 

m 

I>(Mey 7 H. ; rap. No. ->. 

Mnrrk 30. — ^The improrement oontinacs^ The rraterifonn growths have 
di<4ppeared almo«t entirely. There i^ a certain amoont of peripheral rednesR, 
with ulceration in the centre. 

AffrU 18. — ^The le«ion b almo^^t flat, with a star-«haped cicatrix in the 
eentre. f hi the rurht U a «TnaIl olceration. 

iJoiie, *S H. : ray». No. 5. 

Mny 8. — Reaction and redne^e^. Slijrht ulceration exists on the ri^rht side. 
Tliere i« no trace of tiunoar or inftltration. The patient may be cooseidered 
caredy but \s^ to return to as when the inflammation has abated. 

Jun*' 10. — The patient is completely cared. 

ilK9w. XX. — Mme. P., ac?ed flfty. Epithelioma larre of the left temporal 
reirion of a year s duration. 

There l« an erythematoas patch of the size of a sixpence., with hard borderSy 
rauwd and j^oamous. Thi^ is covered with nodales. The whole is slifrhtly 
infiltrated, bat non-adherent to the deeper stractures. 

From February 29 to May 26 the patient had four applications, with do^es 
of 8 H., o H., 4 H., and 3 H. respectively. 

On May 26 the case was apparently cared. A last seance was given to 
guard afrainst recarreiice. 

Case XXI. — Mme. P.. a^red forty. Superficial epithelioma of the dorsum of 
the nose. The lesion is of four years'* duration. It presents a cicatricial 
aspect, with induration and pearl-like excrescences. It has been treated for 
four vears bv different methods. 

March 26.— Dose, 6 H. ; rays. No. .5. 

ApHl 15.— Dose, 9 H. 

May 11. — Sharp reaction. Lleeration, with a reddish violet mai^n. The 
centre seems inclined to slough. The ulcer is treated with oxide of anc 
paste. 

May 2.5. — ^The patient returned with a great improvement of the nose. 
Cicatrization is complete. There is no trace of the lesion, and the general 
appearance is most excellent. 

Dr. Broe^y who saw the patient, was surprised at the rapidity with which 
the ulcer healed. It is noticeahle what a small dose of rays, 15 H. in all, 
was sniBciMit to prodnoe m core. 

1 AJUL^IL P., iffad wfwityHiiiie. ^ithelioma of the lower part of 
f tfce aw^ int ly p M ring some seven months ago. 
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The patient has an ulceration 1 centimetre in diameter^ and about lA centi- 
metres deep. It is anfractuous^ with a sero-purulent magma at the base. The 
margin is raised with an indurated base^ comprising the whole of the extremity 
of the nose. If the ala of the nose is pressed there is an exudation of sero- 
pus from the large crateriform opening. 

Similar lesions in earlier stages occur on other parts of the face. 

April 30. — An irradiation of 9 H. with No. 5 rays. 

May 11. — The ulceration is slightly improved ; the peripheral swelling is 
flatter, llie reaction is fairly acute. An irradiation is given to an epithelio- 
matous lesion on the left cheek-bone^ which was covered with crusts and 
ulcerated ; dose^ 10 H. 

May 30. — The crusts on the cheek have fallen off. There is a well-marked 
erythema. The nose is much better ; it is still red, but the crater has 
diminished in size by about two-thirds. The opening is /> to G millimetres in 
diameter, but it is still fairly deep. Suppuration, whic)i was very pronounced 
after the last irradiation, has given place to a slight oozing. The general 
appearance of the lesion is improved. 

Dose given, 6 H. 

The patient is still under treatment, and not yet entirely cured. It is 
curious to note the rapidity with which the reparation has been effected. The 
case was inoperable, as an operation would have involved the removal of the 
whole of the end of the nose. 

The patient was seen again on June 24, when nothing was visible but a 
slight erosion of the tip of the nose, which was healing. When seen again in 
October, the patient was completely cured. 

Case XXIII. — M. T., aged seventy-six. Ulcerated epithelioma of the 
nose. 

The disease first appeared in October, 1902, since when cauterization has 
been resorted to five times without success. 

January 14, 1904. — A dose of 11 H. was given in two consecutive seances 
with No. 5 rays. From this date to April 12 four further irradiations were 
given, the doses being respectively 7 H., 5 H., 5 H., and 4 H. 

At the latter date the crusts had all fallen off, and the ulceration was re- 
duced to a single oozing spot. 

The patient has not since been seen. 

Case XXIV. — M. D. llie patient suffered from an epithelioma, developing 
from a seborrhcea, and had previously been treated by curetting. On 
admission the lower two-thirds of the nose was covered by a concrete sebor- 
rhosa, which extended into the ducts of the sebaceous glands. 

There was commencing proliferation on the cicatrix caused by the opera- 
tion on the tip of the nose. 

August 26, 1903. — Twenty-five minutes' irradiation at 15 centimetres 
distance ; equivalent spark, 2\ centimetres ; penetration of rays. No. 5 ; 
quantity, 4 H. on every part of the nose. 

Augwtt 27. — A similar irradiation of the same region. 

Odober 15. — No amelioration visible. The patient came very irregularly. 
Twenty minutes* irradiation ; quantity, 3^ H. to 4 H. 



406 RA DI OTHER A PY IN SKIN DISEA SE 

October 16.— A seance of fifteeu miuutes' duration under the same con- 
ditions as on the preceding occasion. 

Navembtfr 2. — The nose is considerably improved^ and the seborrhoea 
diminished ; a few epithelial nodules remain on the tip of the nose. 

Seance of twenty minutes ; quantity^ 4 H. 

NotH*inf)er IS. — There is still a good deal of seborrha»a. Some small whitish 
nodules have appeared at the root of the nose. S^nce of twenty-five 
minutes ; quantity^ 4^ H. 

November 14. — Another seance of forty minutes ; quantity^ from 3 H. to 4 H. 

November 27. — The nose is slightly red ; a crust has appeared at the tip ; 
the nodules at the root of the nose persist, lliese are irradiated^ the rest ot 
the nose being carefully protected. 

Seance of fifteen minutes ; quantity^ 4 H. 

December 4. — The redness has diminished ; seborrhceic filaments may still 
be drawn out of the sebaceous ducts ; the crust on the tip of the nose has 
almost disappeared. The nodules are less^ and are beginning to disappear. 
The patient complains of itching. 

As only ten days have elapsed since the last irradiation^ a single seance of 
fifteen minutes is given^ and this is confined to the nodules still in course ot 
evolution ; dose^ 4 H. 

December 30. — llie itching continues ; there is slight desquamation of the 
nose. No signs of erythema. Seance of fifteen minutes ; quantity^ 2 H. to 3 H. 

Jantuiry 11^ 1904. — The nose is covered with adherent oleaginous scabs. 
Their number is probably increased by the influence of the weather. Tlie 
crust on the tip of the nose has re-formed^ and is larger and of a yellowish 
hue. No itching or pronounced redness. 

An irradiation of fifteeu minutes over the whole surface of the nose ; dose^ 
3H. 

January 27. — The crust has fallen off, leaving in its place a clean cicatrix ; 
the seborrhcea is much reduced^ although the glandular orifices are very 
dilated. Dr. Brorq on seeing the patient considers the cure complete. 

February, — There is no active lesion^ but some signs of seborrhcea remain. 

March. — The parts formerly diseased have remained healthy. Tlie general 
appearance is excellent ; there is still some seborrhcea, but it is very much 
reduced. The patient was shown to the Societe de Dennatologie. 

Cancer of the Breast. 

No one can read the current literature on radiology without 
being struck by the large number of papers dealing with the treat- 
ment of cancer of the breast by the X-rays. 

Almost every author interested in radiotherapy has published 
more or less favourable results. It is difficult to form a just 
opinion as to its merits. Some authors claim to have obtained 
complete cures, others report amelioration, whilst still othere have 
seen no improvement from the use of X-rays. 

A cause of this divergence of opinion is probably to be sought 
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in differences of technique, but chiefly in the diversity of forms 
assumed by this disease, both in its appearance and in its evolu- 
tion. Setting aside American reports, which are too numerous 
to enumerate here, we may mention among European authorities 
Vigouroux^ Mondairij Biraiid^ Mikulicz^ Schiffy Heboid^ Perthes^ 
Beclere^ and Haret, 

We will not repeat the tedious details of all these cases. 

A cancer of the breast may be primary — one that has not 
undergone any surgical interference — or it may be a recurrence 
after operation. 

We will therefore divide this section into two parts : cancer of 
the breast properly so-called, and recurrent cancer after operation. 

Primary Cancer of the Breast. — ^The efficacy of radio- 
therapeutic treatment in cancer of the brectst has been vigorously 
denied by a large section of the medical profession. 

In spite of successful cases reported by such conscientious 
observers as Skintier^ Morton. Williams^ Stelwageriy Schiff^ Mondain^ 
and others, one is forced to doubt the reality of these cures. 

Thus in 1903 Labbcy while admitting the therapeutic effects of 
X-rays on the cancerous ulceration, maintained that as yet there 
is no proof of the absolute cure of the cancer. 

At the Congres de Chirurgie, Professor Tuffier asserted that no 
true deep-seated cancer was benefited by radiotherapy. Quite 
recently Professor Poirier denied the efficacy of this method, and 
condeumed it as dangerous, since it delayed operation and thus 
gave the neoplasm more time to develop. 

These somewhat severe criticisms are due to several causes. 
Firstly, the number of neoplasms of the breast cured by irradiation 
is small when compared with the number of cases treated. The 
small number of successes is in great measure due to the fact that 
most of the cases treated are inoperable cancers of great severity 
and wide extent, in which radiotherapy has been turned to as a 
last resource when all else has failed. 

Further, we must realize that the application of the treatment 
presents a very real difficulty. The mode of treatment, the succes- 
sion of exposures, the dose, the degree of reaction which must be 
attained but not exceeded — all these demand of the operator a deep 
insight into the theory of the methods, a perfect control of his 
apparatus, and a rigorous measurement of the quantity of rays 
absorbed. 
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Unfortunately, as with all new methods of procedure, radio 
therapy has frequently fallen into the hands of unscrupuloui 
operators, who pretend to supply that which they are incapable 
correctly estimating. They thus throw uonierited discredit on thi 
new treatment, and in part justify the criticism to which it ha< 
been subjected. 

ITiis abuse of the new treatment is not confined to France ; 
is to lie found in all countries. We read in Skhmerx interesting; 
report : ' Certain medical men of great repute have adopted X-r 
as a therajieutic agent, hut instead of l)eeoming themselves pro-j 
ficient in their use, or of employing an experienced specialist, they I 
confide the application of the rays to a nurse or to a radiographist,J 
who may not know anything about radiotherapy. When tbcyl 
publiah the clinical results obtained under these unsuitable con-l 
ditions, their name gives to these reports a weight far in excess otM 
their intrinsic value, and this has introduced an element of con-l 
fusion into the problem.' 

Finally, the results themselves were so surprising that it seemed 
impossible to suggest any possible explanation, and one was led to 
doubt their authenticity. It appeared incomprehensible that J 
lesions so malignant should be cured by an invisible therapeuticj 
agent acting from a distance, whose action was not marked by any I 
sensation during the time of treatment. 

There was here an element of mystery, which seemed incom-J 
patible with all our accepted ideas. 

In order to estimate the thera]>eutic value of X-rays in ttw^ 
treatment of cancer of the breast, we require experience lasting, 
over a considerable time, and well authenticated statistics for many 1 
years. The method is as yet too recent to allow of authoritative 
decision. Nevertheless, it is possible to indicate the time of treat- 
ment which seems best, and to do this we must first distinguish 
the different affections classed under the term cancer of the breast, i 

Most of the women who come to the radio therapeutic specialist j 
with cancer of the breast are affected with the disease in an ad- 
vanced stage. The breast is hard and voluminous, the nipple itl 
retracted, and the skin resembles the rind of an orange. Thai 
tumour is adherent to the deeper layers, and the muscular tissueftJ 
are invaded. The glands of the axilla and of the subclavicular i 
region are enlarged. The arm on the affected side is painful and I 
useless. It is usually hard, cedcmatous, and abnormally vascular^ 
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The breastalso is theseat of intense {lain. The patient is emaciated 
and cachectic, and complains of difficulty of breathing and dyspmra. 

Iladioscopic examination reveals the presence of deep-seated 
glands. The general system is infected, the course of the disease 
is rapid, and the case is declared inoperable. 

In sucli a case radiotherapentic ti-eatment cannot determine 
the regression of the neoplasm. It can only act as a palliative 
measure. As a nde, it will alleviate the pain, and thus allow the 
unfortunate patient to end her life in c'omparative comfort. 

Occasionally, however, the sedative action of the rays fails. In 
two cases of cancer of the breast — one widely ulcerated, the other 
one in which the skin was almost intact— irradiation was followetl 
by a recrudescence of |)ain. In one of these cases the pain might 
possibly I)e due to neuralgia of an intermittent character. Ob- 
servation showed, however, that besides the neuralgia there was an 
increase of pain in the tumour itself. 

It is didicult to decide if this was a simple coincidence or an 
instance of cause and efiect. 

In the second case there was a large ulcerated surface adherent 
to the dee|>er tissues, where mere exposure to the air might account 
for the increase of pain. 

Although these exceptional cas&s should be noted, the oljserva- 
tion docs not in any way diminish the value of radiotberapeutic 
treatment. The analgesic action of the rays is indisputable, and 
in all our cases it was the first, if not the principal, effect of treat- 
ment. 

* Often,' says .Skinner, ' the pain of cancer is ameliorated by the 
X-rays. This degree of improvement varies from a slight diminu- 
tion to complete disappearance of the painful symptoms. This is 
the only ti'eatinent which enables us to dispense with the use of 
morphia." 

Besides its sedative action, the effect on the morale of the patient 
must l)e taken into consideration. 

Consider the case of these unhappy women, who have tried every 
means of treatment in vain, and see themselves abandoned to their 
fate. 

They have beard of the X-rays, and come full of hope to consult 
a specialist. Without promising a cure, we may lead them to hope 
for some relief and a cessation of their pain. In inoperable cases 
the treatment can, at any rate, do no barm. 
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In certain cases, especially in the early stage, the X-rays have 
a marked effect. 

Skinner has seen severe and malignant lesions of large extent 
cured by the X-rays. 

Without being too optimistic, one may assert that in many 
cases the health is improved and the tumour diminished in size. 
In this way life is often prolonged, since, as Kienbock says, radio- 
therapy certainly retards the evolution of the disease. WiUiams is 
of opinion that the first effect of the X-rays is to arrest the pro- 
duction of toxic materials, which are absorbed from the lesion and 
thus introduced into the circulation. 

In spite of X-ray treatment, however, the cancer continues to 
grow, although more slowly than before, the lymphatic glands 
become infiltrated, and metastases occur. 

There may be some diminution of the cedema, although ordi- 
narily there is no great alteration in this respect. 

The case is still operable as long as the disease is in an early 
stage and the tumour is small, with perhaps thickened and adherent 
skin, but with no infiltration of the glands, and but little cachexia. 

In such a case radiotherapy should yield to surgery. There 
should be no delay, even to try what the X-rays will do. During 
the delay of some weeks necessary for this purpose the disease may 
progress, and surgical intervention be too late. 

At the present day, however, the patient should not trust to 
surgical treatment alone. When allied with radiotherapy, it has 
a much greater chance of success. Radio-surgical treatment should 
be adopted — that is to say, every operation should be followed by 
a series of irradiations. 

* Surgical treatment,' says IJonardy ' is not scientific. The 
Roentgen rays alone have a destructive action on the morbid 
tissues, and an-est the infection and cystic degeneration. We have 
not as yet obtained absolute confirmation of these results. Time 
is required, and until then we must still have recourse to ablation 
of the tumour, with subsequent radiotherapeutic treatment. 

' One cannot sufficiently insist on this post-operative treatment 
by means of the Roentgen rays. It is the only means capable of 
destroying any microscopic foci of disease which may have been 
left behind after the operation.** 

In America several authorities have advised the irradiation of 
the seat of operation before the closure of the wound. This pro- 
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(.■edure has much to i-ecommend it, and it is to be hoped that it 
will become habitual. When this is done, the rays do not stiver 
(timinution by the absorption of the skin, and the deeper foci may 
be atted on more intensely without danger of dermatitis. 

It may be advisable to commence a series of irradiations before 
the complete cicatrization of the wound. This may be done 
through the dressing, so as to avoid all danger of infection. The 
dose should be a slight one. 

In other cases it will be enough to commence radiotherapeutic 
treatment after cicatrization is complete. The irradiations should 
extend over the whole of the operated region, and especially over 
the line of the cicatrix. The axilla and the subclavicular region 
should also be irradiated. 

The permanence of the cui-e will depend on the state of the 
thorax at tlie time of operation. If the pleura and mediastinum 
are unaH'ectecl one may hope for a successful issue. If operation has 
been too louft deferred, there may be no recuirence on the surface, 
but the patient will probably succumb to the more deeply -situated 
neoplasm, on which the X-rays appear to have but little influence. 

In the case of small tumours, with slow growth and little or no 
enlargement of the axillary glands, one may hope to obtain arrest 
of evolution and regression of the tumour. 

We have treated several patients who have refused operation, 
and have seen a marked diminution of the size of the tumour after 
a few exposures. The glands have disappeared and the general 
health has been improved. 

We have not, however, been able to procure the complete absorp- 
tion of the neoplasm. At a certain moment the regression is 
arrested and the tumour seems to bceome insensible to the action 
of the rays. It remains stationary, giving one the impression of 
an encapsuled fibroma. 

On the other hand, several cases, apparently similiar in character, 
were not in any way modified. Even in these cases, however, it 
was rare for the lesion to increase or the cachexia to progi-ess. 
Even when the treatment was unable to alter the neoplasm, it 
seemed to arrest its evolution. 

The lesions which ai-c most obstinate to radio therapeutic treat- 
ment are the hard, painless scirrhous cancers of the breast, which 
have taken as much as five or six years to attain the si/e of an orange. 
On these the X-rays have apparently no influence whatever. 




American authors assert that the more vapidly the disea^ is 
extenttiiii;, the more easily is it affected by the X-rays. We do 
not coiiaider this to be the case. In our experience the lesions 
which have been most readily influenced are those vrhich have a 
slow course of evolution. 

It may he questioned whether there is a difference in histological 
structure between malignant tumours which react on the X-rays 
and those which are not affected. Hithei-to the microscope has 
revealed no difference in this respect. 

In spite of the favourable results of radiotherapy alone, there ia 
no doubt that the best mode of treatment ia by means of an opera- 
tion followed by in-adiation. If the patient absolutely refuses 
operation, radio therapeutic treatment should be tried ; but this 
rarely results in a complete cure. 

In cases where the cancer of the breast is ulcerated, and accom- 
panied by enlarged glands and extension to the deeper ti^ues, au 
operation should still be performed where possible. In such cases 
radio-chirurgical treatment should be adopted. Radiotherapy alone 
will yield no definite result, although it may lessen the dischai^e, 
allay the pain, and diminish the ulceration. 

If the ulceration is superficial, without much enlargement of the 
glands or induration of the brea.st, and if the etlge of the ulcer is 
not raised and hard, the X-rays may give good results. 

The.se lesions, which are generally considered the severest forma 
of cancer, are, in our opinion, those which are most susceptible to 
cure by radiotherapy. They are usually confined to the integu- 
ment, and are therefore lery amenable to the action of the X-rays. 

In these cases a strong dose may be given. Dermatitis is not to 
be feared, since there is no skin, and the action is more intense 
because the rays are not absorbed by the integuments. 

After a few seances the wound changes is aspect, begins to 
granulate, and finally heals. Schiff reports a remarkable case of 
this sort. The prognosis depends principally on the state of the 
glands. It is well to irradiate these even where they are apparently 
unaffected. 

The injection of adrenaline may be employed in conjunction 
with the Roentgen rays. In certain cases it may be necessary to 
use the knife or the therm o-cauterv in order to reduce the thickened 
edge of the ulcer. 

To resume : In primal^ cancer of the breast an operation should 
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be performed even in apparently benignant cases. Although the 
X-rajs may be able in certain cases to eontinue the regression of 
the neoplasm, yet time is gained by surgical intervention, and the 
result is more permanent. 

Technique of Treatment. ^A L-ourse of irradiation should 
be commtnceJ directly after operation. 

At the commencement rays of medium penetration may be tried 
— Nos. 6 or 7 on Benoist's scale— so as to act more especially on 
the skin. Later on harder rays, Nos. 9 or 10, should be employed, 
in order to reach any deeper foci that may have l»een missed by 
the knife. The more penetrating rays will also act better on the 
contaminated glands. 

If the cicatrix is a long one it may be necessary to make two 
contiguous irradiations. 

At each application the dose will vary from 4 H. to 5 H., and 
a periotl of twelve or fourteen days should intervene between each 
irradiation. 

All violent reaction is to be avoided, and the state of the skin 
will guide the operator as to the intensity and fretjuency of the 
irradiation. 

The treatment may be continued for three or four months. If 
at the end of this time the cicatrix is healthy and the .skin normal, 
and there is no sign of recurrence, the irradiations may be sus- 
pended. The patient should be watched, however, and the treat- 
ment recommenced on the lirst sign of recurrence. 

The physician should be guided by the following rules : 

' To cause the absorption hy the tumour of the largest quantity 
of radiations compatible with the integrity of the skin. 

' To separate the irradiations by as short an interval as possible, 
having due regard to the integrity of the integument.' 

We usually employ rays of penetration Nos. 9 or 10. ITiere are 
two modes of procedure of "which we adopt one or the other 
according to the severity of the disease and the time at the 
patient's disposal. 

The first method is to give a dose of 4 H, to 6 H. every week to 
each region. This method is I'eserved for severe and widespread 
lesions. 

In the second method we give 6 H. or 7 H„ and wait a fortnight 
before giving a second iiiadiation. 

Sometimes the two methods ai-e combined, beginning with irra- 
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diations once a week, till the state of the skin obliges us to lengthen 
the intervals. 

In this way we can better watch the evolution of the inflam- 
matory symptoms, and thus avoid radiodermatitis. 

It should be remembered that radiotherapy is not a caustic 
treatment, as was once imagined. 

The X-rays determine the recession of a neoplastic growth, not 
by setting up dermatitis, but by a special resolvent action on the 
cancer cells themselves. 

Cutaneous reaction is useless and harmful, and radiotherapy will 
have made a great step in advance when it can be avoided with 
certainty. This is not easy, however, for in order to attack the 
deeper tissues, the rays must always traverse the integument. 

In order that the tumour may receive a sufficient quantity of 
the rays, the skin must absorb as much or more. It will therefore 
react, in spite of all our precautions, but the reaction should never 
be allowed to pass beyond a moderate erythema. 

In certain severe forms we are obliged to diminish the intervals 
between the seances, even at the risk of setting up radiodermatitis. 
This will be of small importance in comparison with the spread of 
the disease, although it hsis the disadvantage of obliging us to 
stop the treatment until the reaction has calmed down. 

Some authorities advocate the employment of a thin shield of 
aluminium between the focus-tube and the patient. This acts as 
a sort of filter, stopping the more noxious rays, and allows a 
greater dose to be given with safety to the skin. 

This procedure is not found to be of any great practical 
advantage. 

On the contrary, when the X-rays traverse the aluminium screen, 
they give rise to secondary X-rays of feeble penetration, which 
may act on the skin and produce inflammatory phenomena. A 
sheet of black paper should therefcfTe be interposed between the 
aluminium shield and the skin, so as to absorb these secondary 
X-rays. 

In cases where the neoplasm is ulcerated the dose of the rays 
may be increased, since tissues which are bare of integument are 
less easily affected by the rays. 

At the beginning of treatment we give a dose of 8 H. or 9 H., 
and repeat this every fortnight. 

The ulcer should be treated with antiseptic dressings. Moist 
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applications appear to act best. The use of dense powders, such 
as iodoform, is to be avoided, as these arrest a portion of the rays. 

In the treatment of large and thick tumours, Professor Perthes 
advises that the focus-tube should be placed at some considerable 
distance from the skin, so that the quantity of rays absorbed by 
the tumour may not differ greatly from that absorbed by the 
skin. 

Supposing the anticathode to be placed 4 inches from a tumour 
of the breast which is 2 inches in thickness. Let us further 
suppose that midway between the anticathode and the skin the 
quantity of rays in a unit of time may be represented by 9. In 
the same time the quantity which strikes the skin will be one- 
fourth of this, since the amount diminishes with the square of the 
distance. 

9 = ^- = 2-47. 



^XI^ 4 

At the greatest depth of the tumour — that is, at 6 inches from 
the focus — the quantity of rays will be represented by 

9_ 9 _ . 
3x3 = 9 ~ • 

Thus while the skin is receiving 2*25 units of quantity, the 
tumour in its deepest part will only receive 1 unit. This is on 
the supposition that the tumour is of the same density as air. In 
practice the difference would be even greater. 

If, on the other hand, we suppose that the focus-tube is placed 
at a distance of 40 inches, and the skin receives 1 unit of X-rays 
in a given time, an object placed 2 inches from the anticathode 
will receive 400 units. 

1x202 = 1x400 = 400. 

Similarly, a point on the deeper surface of the tumour will receive 

a quantity 

400 ^ 400 

212 441 *= 0-909. 

That is, when the skin is absorbing 1 unit, a point 2 inches 
below the surface is receiving 0*909 unit, on the supposition that 
the tumour is of the same density as the air. 
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In this case the quantities absorbed by the different layers of 
the tumour are almost equal. 

Thus the further the tube is placed from the tumour, the less 
will be the difference between the quantity of rays absorbed by 
different layers of the tumour. 

The greater the distance of the tube, the greater the length of 
exposure. This consideration limits the distance, which is useful 
in practice. 

In conclusion, we may allude to the sensitization of the tissues 
by the injection of a solution of the acid hydrochloride of quinine. 
Although some experiments were made by Dr. Beclere^ this method 
has not been tried long enough for us to give any positive opinion 
as to its value. 

Cutaneous Recurrence after Operation. — It is in 

recurrence after operation that radiotherapy produces the most 
successful results. In this respect it is better than surgical inter- 
vention, and its success leads us to hope that it will act in like 
manner on deeper lesions when the technique of the method has 
been brought to perfection. 

On this question authorities are particularly unanimous. We 
quote Heboid of Nimes, who is a surgeon, and one of the most 
recent writers on the subject. He says : * The Roentgen rays have 
a most favourable action in cases of cutaneous recurrence after 
operation for cancer of the breast. Under their influence the 
pain is alleviated, the cutaneous tumours are absorbed, and the 
induration and cedema disappear. The rays act locally, and not 
on the general cancerous infection.** 

The success of this local action depends in great measure on the 
state of the lesion and the extent of the neoplastic growth. 

The less the glands and the deeper structures are involved, the 
greater is the chance of cure. 

There are two varieties of post-operatory recurrence. In the 
first the disease involves only the skin and superficial tissues, either 
because the disease is in an early stage of its evolution, or because 
it is only able to invade the integument. 

In the second variety the deeper structures are involved. The 
tumour is adherent to the muscles and bony structures, and the 
glands are affected. The enlarged glands may be felt in the axilla 
and subclavicular region. A radioscopic examination may show that 
the pleura is attacked, or that there is hypertrophy of the medi- 
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astinal glands. In this variety the disease has already become 
generalized. 

In the first variety radiotherapy will produce absorption of 
the foci of disease, and this without erosion, ulceration, or 
sloughing. 

Small button-like nodules which are sometimes seen in recurring 
cancer yield readily to a few exposures. A dose of 5 H. 
or 6 H. should be given every ten or fifteen days, with rays 
of penetration Nos. 8 or 9. It is advisable also to irradiate the 
glands. 

The results are also very favourable when the disease recurs in 
the shape of small, hard subcutaneous nodules, which are freely 
movable. A dose of 4 H. or 5 H. may be given every week or 
ten days, increasing the intervals after a time so as to avoid 
dermatitis. In this way we have obtained the complete regression 
of several cases of cutaneous recurrence. 

The condition is less favourable when there is a seed-like infiltra- 
tion of the integument, which is hardly visible, but which may be 
felt by passing the hand over the surface. These cases may be 
ameliorated, but while one spot is being treated the lesion is apt 
to progress elsewhere, and to become generalized. 

The results of X-ray treatment are more favourable when the 
recurrence affects the cicatrix of the wound or sutures. 

Ulceration, accompanied by nodules recurring after an opera- 
tion, is improved in a surprising manner. 

These ulcers, of evil aspect, with sanious base and fcetid odour, 
improve rapidly. At first the secretion is increased, but this soon 
diminishes, and finally ceases. The odour disappears, the ulcer 
improves in appearance, and cicatrization follows, while at the 
same time the cutaneous nodules are absorbed. 

In these cases we usually prescribe moist applications to remove 
the crusts, and to diminish the chance- of infection of the wound 
from without. 

The ulcer and surrounding region is irradiated with a dose of 
5 H., using rays of medium penetration. We then place over 
the region a shield of lead with apertures corresponding to the 
ulcerated points, including a margin J centimetre in width. 

After this a further irradiation of 2 H. or 3 H. is given, so that 
the ulcerated surface receives a dose of 7 H. to 8 H., while the 
skin has only absorbed 5 H. 

27 
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The seances may be repeated every ten or fifteen days, according 
to the state of the skin. 

When the lesion is not adherent to the deeper tissues, but the 
glands are enlarged, we may often observe a curious phenomenon 
of regression. This was the condition in a case which we saw with 
Dr, BisserU. The patient had been operated on for cancer of the 
breast some eighteen months previously. The disease recurred so 
frequently that the patient had already undergone eight operations 
during a period of fifteen months. When we first saw her, she 
had a number of cancerous nodules of the skin. Some of these 
were of considerable extent, and formed quite large patches. The 
pain was intense, and the cicatrices were unhealthy. There was an 
enlarged gland in the clavicular region. 

In the axilla there were three enlarged glands, two superficial 
and one more deeply placed. According to custom, the irradia- 
tions were directed on the mammary region. A strong dose of 
9 H. was employed, as the disease was progressing rapidly. After 
three or four exposures the pain ceased entirely. The supra- 
clavicular gland and the two superficial glands in the axilla dis- 
appeared completely. The cutaneous nodules became flatter, and 
also disappeared. The cicatrix became softer, and the patient 
discontinued treatment, as she considered herself cured. Since 
that date, 1903, there has been no cutaneous recurrence, but she 
complains of dyspnoea, which makes one fear there may be a 
recurrence in the deeper structures. 

Biraud also reports a case in which some enlarged supra- 
clavicular glands disappeared at the same time as the cutaneous 
lesion. 

In a case of enlargement of the axillary glands we have seen a 
great diminution follow the direct irradiation of the glands. If 
we compare the surgical and the radiotherapeutic treatment of the 
case reported above, we must allow that the former was followed 
by recurrence after a short interval, whereas the latter resulted in 
a complete cure. 

After a few irradiations the cutaneous nodules of recurring 
cancer seem veritably to dissolve away. Failure is, however, only 
too common, and sometimes we may see a new outbreak beyond 
the limits of the irradiated region. In this case the physician 
may think himself fortunate if he is able to arrest the evolution of 
the disease. 
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The results of treatment are not so satisfactory in cases where 
the recurrence is more advanced, when the lesion is adherent, or 
when the glands are involved. 

Radiotherapeutic treatment can then be regarded only as pallia- 
tive. It may calm the pain and diminish the size of the tumours, 
but it will not arrest the disease or prevent the final cachexia. 
In these cases a dose of 4 H. to 5 H. may be given every week or 
ten days. 

When the growth is voluminous, it may be advantageous to 
precede the radiotherapeutic treatment by a surgical operation, 
which in any case can be only palliative, and will not long delay 
the fatal termination. 

Deep-seated Cancer — Cancer of the Abdominal 

Organs. 

Cases have been published of cancers of internal organs — 
stomach, intestines, uterus, etc. — cured by the X-rays. 

These reports have been received with a good deal of scepticism. 
Personally we are not in a position to give an opinion. In our 
own practice we have met with no signs of success, but this may 
possibly be due to a faulty technique. 

Skinner^ in his report on the subject, speaks thus : * In cases of 
intra-abdominal cancer the percentage of favourable results by any 
other means is so small that we should have recourse to extirpation 
whenever that is possible. The operation should invariably be 
followed by a long series of irradiations. It is difficult to estimate 
the value of the combined method, as the cases hitherto treated by 
the X-rays are usually inoperable. 'Vhe fact that a few cases have 
been cured under these disadvantageous conditions leads us to hope 
that in cases which are operated on in an early stage the con- 
secutive action of the X-rays may be able to arrest the progress of 
this terrible disease. 

* Opinions are unanimous as to the value of the X-rays in cancer 
after operation and in inoperable cases. The pain is alleviated, 
the general health improved, and existence is prolonged.** 

In an interesting review by Delherm and Laquerrlere^ the authors 
state : * The favourable results obtained in a few exceptional cases 
prevent us from totally rejecting radiotherapy. Failure, however, 
is so frequent, and the results of our own experience are so dis- 
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couraging, that we have no great hope for the future of the 
treatment/ 

Two French authors, Doumer and Lemotne^ have for some time 
.past treated tumours of the stomach by radiotherapy. We repro- 
duce a part of their communication to the Academy of Medicine : 

* We have treated twentv cases of tumour of the stomach with 
the X-rays. Of this number three have been completely and 
permanently cured, a fourth case is improving, and a fifth has 
recurred after the complete disappearance of the tumour. The 
other cases have followed the usual course — the patients have 
succumbed, and it is impossible to say if their life had been 
prolonged by the treatment or not. 

* In all cases it has alleviated the pain partially or entirely, and 
this after only one or two applications. The vomiting has ceased 
or been greatly diminished, thus rendering alimentation more easy. 
There has thus been a considerable amelioration of the general 
health and of the local condition. 

* The tumour of the stomach has in all cases diminished, and in 
certain instances it has completely disappeared. Unfortunately, 
it always has reappeared either in the vicinity of the original 
growth or in some neighbouring organ — the liver, pancreas, epiploon, 
or lung. The treatment seemed only to affect the tumours which 
were more superficial in position. After a brief period of remission, 
due to the X-rays, a generalization of the disease occurred, and 
the patient succumbed. 

' Radiotherapy therefore is able to influence one variety of 
tumour of the stomach. In certain cases it has produced a 
complete cure, which has been maintained after an interval of 
eighteen months. In other forms it acts incompletely, destroying 
the original tumour without preventing its extension to neigh- 
bouring tissue^."* 

What Dourner and Lemoine have done for cancer of the stomach, 
other authors have attempted for cancer of the uterus. 

Suilly reports three successful cures of cancer of the neck of the 
uterus. He says : * In early stages of cancer of the neck of the 
uterus complete ablation of the organ should be attempted. In 
later stages, however, when the vaginal cavity and the body of the 
uterus are invaded, treatment by X-rays should be adopted.** 

In conjunction with our colleague Dr, MezerettCy we have treated 
some cases of cancer of the neck of the uterus with a certain 
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amount of success. The pain has been alleviated, and the 
ha-morrhage lessened. The ra^s were directed on to the tumour, 
per va^liutm, by means of a Ferguson's speculum. It is impossible 
to speak with certainty of the results, as the patients are still 
under treatment. 

Analogous results have been obtained in cases of cancer of the 
rectum. 

It may be doubted whether the diagnosis is always correct in 
cases said to be cui-ed by the X-mys. Nothing is more diflicult 
than to determine the nature of an abdominal tumour. Were the 
tumours of the stomach cured by nwiiotherapy always veritable 
neoplasms? May not a hypertrophy of the liver have been mis- 
taken for a tumour of the pancreas or pylorus ? 

It is possible that some deep-seated tumours may be influenced 
by the X-rays. These act on cutaneous cancer, sarcoma, and 
cancer of the brea.st. Why should they not have a similar effect 
on tumours within the abdominal cavity? 

An abdominal tumour has usually attained a considerable size 
before it is detected; the disease has generally invaded the 
neighbourhig organs and the lymphatic glands. Most of the cases 
submitted to treatment are inoperable, and in a hopeless condition. 

Moi-eover, the situation of these tumours is very unfavourable for 
radiotherapeutic treatment. 

In order to reach a cancer of the uterus or the liver, the rays 
must traverse the skin and the muscles, and the other tissues 
covering the organ. 

They will be diminished in intensity before reaching the tumour. 
The quantity absorbed will be small, and this must penetrate the 
whole of the tumour. 

We may obviate some of these disadvantages by a prolonged 
exposure, or by increasing the penetration of the rays, but this is 
limited by the sensitiveness of the skin and mucous membrane. 

It is difficult to avoid dermatitis, since & considerable quantity 
of rays reaching the tumour presupposes a greater quantity 
absorbed by the skin. The tlose given to a deep-seated tumour 
must always be limited to a quantity less than that required to 
set up reaction of the skiu. 

Even if we admit that the X-rays in sufficient quantity are able 
to determine the regression of deep-seated neoplasm, the problem 
is still a difficult one. 
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Some authorities consider that they facilitate metastasis, while 
others are equally certain that they have no such action.** 

Most authorities are agreed that the X-rays per se are incapable 
of producing metastasis. 

In March, 1904, Oudin reported to the Societe de Dermatologie 
some accidental complications set up during the course of X-ray 
treatment. He says : * In all cases of cancer which I have treated 
I have observed symptoms of general infection after the third or 
fourth exposure. There is pain in the back, lassitude, slight fever, 
loss of appetite, vomiting and diarrhoea, a drawn look in the face, 
and occasionally cough and dyspnoea. It may be objected that 
these symptoms are due merely to the absorption of toxins. There 
is, however, at the same time a notable diminution in the volume of 
the tumour. In cases where no ulceration exists this must be 
accompanied by the absorption of solid debris into the circulation. 
If the irradiation is not too intense, and is intermitted after two or 
three days, the symptoms rapidly disappear. The treatment may 
be recommence^ after a time, but it is well not to push it to the 
point where a second infection may be produced. 

' At the present time I have under treatment a case of cutaneous 
and glandular recurrence after removal of the breast. In this 
patient marked symptoms of infection are produced whenever a 
longer irradiation than four minutes is given. I am quite certain 
that if I pushed the treatment, and did not suspend the irradiations 
so as to give time for elimination, I should set up serious visceral 
complications, or even general miliary infection/ 

S. Mendes^ Da Coffta^ and T. Passtows consider that the X-rays 
may have an injurious effect in certain cases. Not only do the rays, 
in their opinion, produce no modification of the disease, but they 
seem to stimulate a more rapid extension. 

In support of their theory, they adduce two cases. The one was 
a case of epithelioma in a syphilitic patient. Radiotherapeutic 
treatment was followed by intense reaction and the disappearance 
of the epithelioma, but an enormous ulcer formed in the region 
which had previously been cured by specific treatment. 

In the second case the X-rays produced an aggravation of an 
epitheliomatous ulcer, which was followed by cachexia and death. 

More recently our colleague Dr, Haret has reported three cases 
of non-ulcerated cancer of the breast which have manifested 
toxaemic symptoms after irradiation. 
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a each of the three cases toxieinic symptoms appeai'ed after the 
absorption of a dose of 15 H. to 17 H., and this whether the 
method was that by massive doses or minima] doses fi-e(|uently 
repeated. 

The patients complained of headache, vertigo, anorexia, insomnia, 
and general lassitude. lu one case a slight rise of temperature 
was noted. 

These phenomena diminished when the treatment was suspended, 
to reappear in all their intensity when the iiTadiatiuns were 
recommenced. They entirely ceased when Dr. Hard changed his 
mode of treatment and gave much shorter exposures. 

On the other hand, it should be noted that no such morbid 
phenomena occurred in the vast majority of cases. TKey can 
therefore hardly be considered as a contra-indication of the 
treatment. 

In Ondin'.t cases the complications arose in cachectic patients in 
the last stages of the disease. 'I'he author, moreover, does not 
mention the dose, so that it is difficult to determine under what 
conditions the injurious effects of the X-rays first showed them- 
selves. The observations bf Meiidfn and Da Cantu are not very 
reliable. The symptoms were apparently due to a widespread 
radiodermatitis rather than to the legitimate action of the 
X-rays. 

The symptoms, moreover, appear to be nervous in their origin. 
Many women suffer from migraine after a visit to their dressmaker 
or coiffeur. The horizontal position, the noise of the interruptor, 
apprehension, and other nervous factors, have a great deal to do 
with the supposed ill-eflects of the rays. 

The X-rays have been accused of displacing the cancer cells and 
disseminating them over the organism. 'ITiis supposition is quite 
gratuitous, and has never been demonstrated by bistologicAl 
examination. It is, moreover, contradicted by Karner's experiments, 
and we may assert that there is not the least authority for any 
suL-h hypothesis. 

There only remains the famous 'cancer juice,' of which so many 
people speak, and which may be readily observed on the surface of 
a section of a cancerous tumour. 

The tii-st effect of the X-rays is to augment the secretion of the 
wound. What is the nature of the liquid discharge.^ Chemical 
analysis alone can enlighten us on this question, but it is probably 
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a serous liquid of highly toxic nature secreted by the cells of the 
neoplasm. 

Where there is no ulceration and no communication with the 
exterior, hypersecretion will still occur under the influence of 
irradiation, but there will be no means of drainage. The seci'etion 
must therefore be poured out into the circulatory channels, and 
may thus produce symptoms of toxaemia, which will continue until 
the toxins have been eliminated from the general circulation. 

In our own experience we have never met with such cases, but 
Harefs observations compel us to regard such complications as 
possible. 

Patients with large masses of cancer should be carefully watched, 
and if any symptoms of toxaemia appear, the treatment should be 
suspended. In some cases it may be wise to drain the tumour, as 
recommended by Williams, 

Pathogenesis— Histological. 

Microscopical examinations have frequently been made of sections 
of neoplasms which have been treated by the X-rays. 

Scholtz was one of the first to examine a section of human skin 
excised from a neoplasm undergoing regression. It was an 
epithelioma of the nose, in which the X-rays had produced necrosis. 
The first piece was excised at the commencement of reaction, €aid 
the second piece after the appearance of superficial necrosis. 
* Microscopical examination,' he says, * proves that under the 
influence of the X-rays the cancer cells degenerate and disappear, 
just as normal epithelial cells do under similar circumstances. The 
degeneration, especially in the deeper layers, was only noticeable 
after a series of intense irradiations. 

* In one instance a piece was excised after eight irradiations of 
ten minutes, at a distance of 10 inches. The specimen was flxed 
by Fleming'^s method, and stained with safranin. There were 
numerous areas of mitosis, but the normal process of karyokinesis 
was nowhere visible. The cells were filled with filaments of chro- 
matin, of variable size and irregular distribution, but there was 
no sign of normal division. The appearance was rather one of 
chroniatolysis.'* 

In other specimens the author observed a marked process of 
degeneration in the cancerous foci. 
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The observations of Mikulicz and Fittig are even more con- 
clusive. They examined a piece of skin excised from the cicatrix 
of a cancer of the breast, which had been treated by the X-rays. 
There were no carcinomatous cells, but the subcutaneous tissue 
was infiltrated with round cells. 

The following are Pusejfa observations on the subject : * The 
alterations produced in cancer tissue by the X-rays are of great 
interest. Examination of superficial neoplastic tissue shows that 
at the beginning of the treatment only the cells at the circum- 
ference of the diseased foci are attacked. 

* Their outline becomes indistinct, and the nuclei break up. 
The scattered nuclear debris is feebly stained by hsematoxylin. 
llie bloodvessels in relation with the diseased tissue are attacked 
by endarteritis and obliterated, while those which are at a distance 
from the cancerous foci remain unaltered. 

* Sections were made of a cancerous ulcer, after the raised edge 
had become flattened and had lost its nodular appearance under 
treatment. In these similar modifications were observed, but more 
accentuated. 

* There is no longer any trace of cancer. Under the epidermis 
there is a layer of fibrous tissue, in which are zones which stain 
pale blue with hsematoxylin. These are evidently composed of 
cell and nuclear debris. The carcinomatous infiltration has been 
replaced by connective tissue. 

* To resume, the first alteration takes place in the periphery of 
the little islands of carcinomatous tissue, and the process gradually 
jpreads from the circumference to the centre. The cells exhibit 
/arious stages of degeneration, and disappear gradually by a pro- 
cess of cytolysis, which is followed by the absorption of the debris. 
The small vessels which are in close relation with the tumour are 
obliterated by a process of endarteritis. 

* The X-rays primarily affect the morbid cells themselves. At 
first the cellular activity is stimulated, but if the action is main- 
tained, the cells degenerate. 

*The epithelial structures are the first to be influenced, next the 
vessels, and lastly, but in a lesser degree, the whole of the cells of 
the irradiated area. 

* The cure is completed by the absorption of the diseased cells, 
and their replacement by connective tissue, the healthy stroma 
being left in all its integrity."* 
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Pci'thcs has investigated the radio therapeutic treatment 
carcinoma. The cancer celts fuse into a uuifurm protoplasmic 
mass with ii-regular contour, while the nuclei become less and less 
chromatophile. Leucocytes and lomiective tissue cells nialce their 
appearance in the homogeneous mass, and penetrate any cancer 
cells that may I'eniaiii. At a later stage the carcinoma appears 
surrounded and partitioned by connective tissue, which is infil- 
trated with small ceils. In the meshes of this connective netwoi 
may be found fragments of the neoplasm, or isoluted cancer ce)] 
in a state of degeneration. Finally, there is total disappearance 
the elements characteristic of cancer. 

A. G, EUin in his observations on the treatment of cancer 
eludes : ' Under the influence of the X-rays there occurs a neci 
of the parenchyma and stroma of the tumour, with pioliferatios 
of the elastic tissue. In the smaller bloodvessels a homogeneous 
deposit occurs, which may cause complete obliteration of the 
lumen. The X-rays produce two principal effects — viz., obliter- 
ating endarteritis and cellular necrosis. These effects are simul- 
taneous, and do not depend on one another.' The destructive 
action of the X-rays is less noticeable in cancerous tumours, 
theivfure recommends a preliminary treatment by curetting. 

Dr. Batten has published the results of a microscopical examii 
tion of a scirrhus of the breast treated by the X-rays, 
patient had been previously operated on by Hutchinson. 

Soon after the commencement of treatment the pain ceased, 
in three months the tumour had entirely disappeared. The patient 
remained cured and in good health for four months, and then died 
from septicitmia, caused by the sting of an insect. A fragment 
of the skin and hypodermic tis.sue was excised, and a histologii 
examination was made by Dr. J, Guihivuy. 

1. The epithelium was thinned, but the various layers 
quite distinguishable. In the stratum mucusum three of thi 
could be made out, the deepest of which^the palisade layer- 
was more iiregular than usual. The cells of the stratum mucosuian 
were normal. The stratum granulosum was not very distim 
Its celb, few in number, were scattered over the subjacent epithe< 
Hum. Seen in section, there were intervals between the cells, 
which were, however, numerous enough to allow of the formation 
of a complete living layer. The cells of the stratum corneum 
were well cornified, and formed a complete layer, although the cells 
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were not so close together as normal. There were no interpapiUary 
extensions of the epidermis, and the papillae themselves had almost 
entirely disappeared. 

2. The corium showed bands of connective tissue interspersed 
with nuclei, giving it a somewhat cicatricial appeai^nce. The 
papilla had almost completely disappeared, the surface of the 
corium having a slightly undulating appearance. Near the surface 
were foci of leucocytic infiltration, showing that there had been 
some inflammatory reaction. There was no enlargement of the 
vessels of the epidermis. 

In no portion of the section were there any signs of cancer 
tissue. 

The general aspect was that of a fragment of skin which had 
undergone atrophic degeneration after a slight degree of inflam- 
mation. 

This case is of great interest, since it is the only one where an 
autopsy has been performed after the cure of a malignant tumour 
by X-rays. 

Skinner has given a detailed resume of the hypothesis put 
forward to explain the cure of malignant tumours by the X-rays. 
These are four in number : 

* The first hypothesis is that of stimulation of the reparatory 
forces by the inflammatory reaction. This is not a satisfactorv 
explanation. In some cases, it is true, dermatitis seems to hasten 
the cure, and in others no improvement occurs before the produc- 
tion of inflammatory reaction ; but in the gi-eat majority of cases 
the cure occurs without any 'signs of dermatitis. The curative 
action of the X-rays in cancer is not due to any cauterizing action, 
since it extends to deep-seated tumours, which are shielded from all 
inflammatory reaction. 

'The second hypothesis is based on the supposition that the 
Roentgen rays have a selective action on tissues of an aberrant 
type, which possess but little vitality. 

' It is not to be denied that a destruction of diseased tissue 
does sometimes occur under the action of the rays, and that it 
may be accompanied by symptoms of toxaemia. It is not, however, 
universal, as it should be if it were an essential factor of the cure. 

' According to the third hypothesis, cancer is a parasitic disease, 
and the X-rays destroy or hinder the development of the 
parasites. 
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' To this it might be objected that if cancer were caused by a 
pathogenic organism, which was easily destroyed by the X-rays, 
all cases of cancer should be curable by irradiation. Unfortu- 
nately, clinical experience teaches us that this is not the case. It 
may be, however, that the X-rays are not destructive to the 
parasite itself, but in some way modify the tissues, so as to prevent 
its development. A belief in the radiotherapeutic cure of cancer 
is in no way incompatible with the theory of the parasitic origin 
of cancer. 

' According to the fourth hypothesis, malignant degeneration is 
due to a depression of normal protoplasmic activity. This results 
in a regression of cell structure towards a more primitive type, 
and depends on a profound constitutional idiosyncrasy, coupled 
with a long-continued local irritation. In the energy of the 
Roentgen radiations we find a vibratory period, wave-length, and 
amplitude of oscillation, suitable to affect the molecular move- 
ments of the cells, recalling them to their normal function, 
and enabling them to overcome the tendency to aberrant develop- 
ment. 

' On this hypothesis the clinical results of treatment should be 
as follows : 

* We should expect to find that radiotherapy would at once 
arrest the invasion of healthy tissue, since the peripheral cells, 
with less tendency to degeneration, would be much more easily 
influenced by the rays. The focus of disease would be encapsuled 
by a zone where the tendency to degeneration had ceased, and the 
normal development obtained. This focus of degeneration would 
be like a foreign body, to be absorbed or ejected by the normal 
tissue. The efforts of the organism to get rid of the diseased 
mass would result in atrophy, absoi*ption, or enucleation of the 
tumour. The termination of the case would depend on the 
personal equation of the patient as regards his susceptibility to 
the action of the X-rays.** 

Skhuier considers that clinical experience is in accordance with 
this theory. 

The Roentgen rays appear to have a selective action on epithelial 
tissue. 

Scholtz has shown that under the action of the rays epithelial 
tissue undergoes a process of slow and progressive degeneration. 
This is accompanied by inflammatory phenomena, with migration 
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en masse of the leucocytes, which complete the destruction of the 
degenerating cells. 

In this way we may explain the action of the X-rays on the skin, 
since it is composed of pi-ecisely those elements on which they have 
the greatest selective action. It is ditKcult to understand why the 
action should be confined to diseased tissue, without spreading 
to the healthy stroma, which is composed of cells of a similar 
nature. 

It has been supposed that young cells are particularly sensitive 
to the Roentgen rays, and this is probably the case. 

Professor von Bruns of Tubingen has furnished us with another 
explanation. In his work published in the Therapie der Gegen- 
wart, he gives the following quotation from Virchow : 

*In itself carcinoma is not a durable tumour. Its cells have all 
the characters of decrepitude and fragility, so that their vitality 
is limited, and they soon begin to show signs of retrogressive 
metamorphosis. If at the outset they were able to destroy this 
degenerating tissue and prevent the formation of accessory nodules, 
we should be sure of permanently curing the disease."* 

Bmns considers that the curative action of the X-rays depend 
upon the fact that they favour the spontaneous tendency to 
degeneration which characterizes every cancer cell. 

In La Presse Mtdicale, Romme has an article on this question, 
in which he quotes Ribbert of Gottingen : 

* The cancer cell is, by the condition of its nutrition, more feeble, 
less resistant, and less highly vitalized than the normal cell. It is 
this inferiority that explains the elective action of therapeutic 
agents of all sorts on cancer tissue. Any interference with the 
circulation, or any modification of the blood by drugs, such as 
quinine or arsenic, will tell more forcibly on the feeble resistance 
of the cancer ceil. The normal cell will react, and adapt itself to 
its new conditions of existence, whereas the cancer cell will succumb 
and be destroy ed."* This is Ribberts'* explanation of the action of 
radiotherapy and bacteriotherapy, and the vaiious chemical and 
physical agencies which destroy the feebler cancer cells, while 
leaving intact the normal tissue.^ 

Exner has studied the action of radium on cancer. He com- 
pai*ed sections excised from a lesion before and after treatment, 
and found that after irradiation with radium the neoplastic growth 
was transformed into connective tissue in the coui-se of a sinsrle 
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week. During the whole course of treatment the hyperplasia of 
the connective tissue became more and more accentuated. 

A modification of the cancer cells became apparent in about 
fifteen days. The proliferation of the connective tissue bi*oke up 
the nodule into small groups of cancer cells, ultimately choking 
them completely. 

At the end of the first week of treatment there was no apparent 
alteration of the cancer cells, although the connective tissue was 
growing rapidly. Hence we must consider that the cure is brought 
about by the mechanical choking of the cancer cells by the pro- 
liferating tissue. 

Schxvartz^ working in Holzknechfs laboratory, carried out a series 
of experiments on the degrees of sensitiveness to the X-rays shown 
by the cells of various tissues in health and disease. In this inves- 
tigation he used the radiations of radium, which are similar in their 
action to the X-rays. 

On exposing a hen'^s egg for a month to the action of radium, 
he found that the yolk had undergone profound alteration. This 
was associated with the decomposition of lecithin and the produc- 
tion of methylamin. 

Lecithin is a constituent of all cell-tissue which is developing 
or awaiting development. It is found in the spermatozoa, the 
yolk of eggs, in neoplastic growths, in fungi, and in the embryo 
of plants. 

In Schwartz's opinion the action of the X-rays is due to the 
decomposition of the lecithin in the cells. Hence it will be more 
marked on those cells which contain a considerable quantity of 
this substance. 

Further chemical investigation is necessary before we can accept 
this explanation entirely. In conclusion, we may say that the 
X-rays exercise a special action on certain cancerous cells, causing 
their degeneration and absorption, but that the mechanism of the 
action is still unknown. 



Conclusions. 

In certain c«ises radiotherapy has produced a complete cure of 
all the objective symptoms of cancer. 

Most cases of cutaneous epithelioma are modified or apparently 
cured by this method. Recurrence is probably less frequent than 
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after surgical operation, although we cannot as yet speak positively 
on this subject. 

Any elevated growth of the skin should be removed by surgical 
means before proceeding to radiotherapeutic treatment. 

Primary cancer of the breast, or of deeply ^seated organs, should 
be removed by an operation. This should be followed at once by 
irradiation. The treatment should be radio-surgical. 

Where an operation is refused. X-rays may be employed with 
some hope of success, but a cure is very rare. 

If the neoplasm is small, superficial, and without glandular en- 
largement, either of the two methods may be employed, but the 
preference should be given to surgical interference. 

In inoperable cases great service may be rendered by the 
X-rays, which alleviate pain, ameliorate the general health, and 
prolong life. They are, in fact, the best palliative agency we 
possess. 

In cases of recurrence after operation radiotherapy gives better 
results than surgery. In all cases where the cutaneous nodules are 
not too large radiotherapy should be tried before having recourse 
to surgical interference. 

A successful result is more probable when the glands are but 
little affected. 

Cancerous ulcerations, either primary or secondary, heal rapidly 
under the influence of the rays. The cicatrix has the appearance 
of healthy skin. 

Certain cases of cancer seem to be refractory to radiotherapeutic 
treatment, although they are in appearance similar to the forms 
which are amenable to the X-rays. 

Toxaemia, if it ever occurs, is very rare. 

In the present state of our knowledge we are unable to say 
whether the cure is permanent or only apparent. In a certain 
number of cases there has been no recurrence after several years. 

The regression of the neoplasm is independent of radioderma- 
titis, although in some cases the tumour does not diminish in 
size until it has absorbed a dose of rays sufficient to set up more 
or less erythema. 

The treatment should be stopped on the appearance of slight 
erythema. This degree of reaction should only be exceeded in 
exceptional cases. 

28 
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Accidental dermatitis may be avoided by a careful technique 
and an accurate system of dosage. 

We possess in the X-rays a valuable means of determining 
the recession of neoplastic growth. It may be hoped that with 
greater knowledge and more perfect technique there are many 
surprises in store for us in the treatment of cancer by radio- 
therapy. 



CHAPTER X 
VARIOUS DISEASES 

This chapter will treat of those affections in which radiotherapy 
has given varying results, and in which as yet our experience is 
not sufficient to determine its value with any degree of certainty. 

Radiotherapeutic treatment has been used in the treatment of 
na3vu8 without much success. 

According to Brocq these lesions may be divided into two 
classes — pigmentary and vascular. The first division includes 
n«vus spilus, naevus verrucosus, and na?vu8 hypertrophicus. 

In naevus pilaris the X-rays may be employed to destroy the 
hairs. 

The hypertrophic and warty forms are also often ameliorated. 
In these varieties, however, electrolysis acts with greater certainty, 
whereas it is unable to affect the pigmentary and vascular form 
for which radiotherapy is indicated. 

Gocht has repoiled successful cases, and SchoUz obtained a 
temporary cure of ntevus pigmentarius by setting up superficial 
necrosis. Some time afterwards, however, the pigmentation partially 
recurred. 

Jutassy treated a case of naevus vascularis by this method. It 
was a so-called * wine- mark** extending over one half of the fac*e 
and the mucous membrane of the mouth and nose. A considerable 
dose of the rays was given, setting up a violent reaction of the 
whole surface, accompanied by desquamation and the formation 
of crusts. When the epidermis was renewed, it was of normal 
colour, and eighteen months afterwards there had been no relapse. 
The author attributes this result to the action on the blood- 
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vessels, which wei-e successively contracted, inflnnied, and obliterated 
under the influence of the rays. 

Sfholt:^ at the Breslaii Hospital was less fortunate, and failed in 
his endeavour to cure vascular mcvus hy radiotherapy, 

Dickson of Toronto reports a successful cure of jia'vus vascularis. 

Pfahler considers that the results of radiotherapeutic treatment j 
are at least eijual to that obtained by other methods. It i 
most cases necessary to produce ulceration of the skin, which is not 
well borne by the patients. 

At the Broca Hospital we treated a young girl for a ' w 
stain ' which occupied the whole of one side of the face. 

The case had been previously treated by electrolysis and photo- ' 
therapy without result. Moderate irradiations pi-oduced no appre-^ 
ciable alteration of the colour of the skin 

Determining to act more energetically, we told the patient that 1 
it was necessary to set up a more violent reaction. 

With her consent we produced a violent dermatitis with t 
foliation. A dose of 10 H. with No. 4 rays wa.s employed, witb J 
the result that phlyctenula? and desijuamation occurred. The 
healing of the skin took a month to complete. The new tissue is 
slightly cicatricial, but it is only a little redder in colour than the 
healthy skin. In certain -spots, however, where the reaction wa 
less intense the colour is deeper, and a fresh irradiation may !» J 
required to complete the cure. 

The present is a vast improvement on the original appearance, I 
and we have every reason to hope that the case will prove a com- 
plete success. 

The above case seems to indicate that it is necessary to set up aJ 
reaction sufficient to produce desquamation. There is, however, J 
danger in acting too energetically, and producing a cicatrix still I 
more disfiguring than the original disease. A dose of 10 H. should \ 
never he exceeded in any one exposure. 

Where electrolysis gives good results it should be preferred \,(jM 
radiotherapy, since the application of the former is simpler, lesal 



expensi 



and safer 



Intertrigo. 

Williams has seen good i-esults in the treatment of this affection 1 
by radiotherapy. 



It 



< not easy to understand what this author i 



I bv the I 
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term, since in France intertrigo is a symptom rather than a 
disease. 

Herpes Zoster. 

Williams reports two cases treated by this method. 

The first was improved by a single application, but the patient 
had to abandon the treatment on account of business affairs. 

In the second case a slight irradiation relieved the sensations of 
burning and pain. The treatment was then intermitted, with the 
result that the pain returned. A second iiTadiation caused it to 
disappear entirely. 

In the course of radiotherapeutic treatment for cancer of the 
breast, one of our patients suffered from an attack of herpes zoster, 
the pain of which did not appear to be influenced by the treatment. 
It is true that the irradiations were directed on the cancerous 
tumour rather than on the course of the affected nerve. More- 
over, the presence of the two diseases may have complicated the 
result. 

Xeroderma Pigmentosum. 

Jamieson has reported the successful treatment of this affection 
in the case of a child twelve months old. The disease had com- 
menced on the ala of the nose and gradually spread over the face. 
After eighty-four irradiations an attack of dermatitis was set up, 
and the lesion disappeared. 

Allen reports a case of generalized xeroderma in which both eyes 
were affected. One had been destroyed, while the other was saved, 
thanks to the intervention of the X-rays. 

Other observers have failed to procure any amelioration by this 
method. 

Kraurosis Vulvce. 

In 1903 Stoxver (Denver) published a case of a woman who was 
treated by the Roentgen rays for this affection. The patient was 
fifty years of age, and the treatment was not followed by any 
amelioration. The lesion was aggravated, and the irradiated 
region was attacked by an erythema of an erysipelatoid character. 
A fortnight later the diseased areas on the labia and vaginal 
mucous membrane mortified and sloughed. 
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We suspect that this result was due to an exposure of too great 
intensity. No measurement of the dose is given in the report of 
the case. 

Chronic Ulcer. 

In view of the stimulant action of the X-rays on cellular 
activity, radiotherapy has to produce the cicatrization of chronic 
ulceration. 

Encouraging results have been recorded by many observers. As 
a result of two months' radiotherapeutic treatment, Dr. Gautier 
of Paris obtained the cicatrization of an obstinate varicose ulcer, 
which resisted all other modes of treatment. 

Sjogren and Sederholm also report satisfactory results from the 
use of X-rays in the treatment of chronic ulcer. Healthy granu- 
lation was produced, the ulcer improved in appearance, and cica- 
trization speedily ensued. 

Taylor reports the case of a child with ulceration of the arm 
consequent on a burn. The wound was partially healed, but the 
cicatrix was hard, and of a keloid consistence. A short series of 
irradiations was followed by the complete healing of the ulcer, €Mid 
a considerable improvement in the appearance of the scar. 

CoUeville has treated a varicose ulcer, and Sequeira a perforating 
ulcer, with equally good results. 

We have not ourselves had sufficient experience to be able to 
give an opinion on the matter. We are making some experiments 
on the subject, and hope soon to be able to report definitely on 
the value of radiotherapy in the treatment of chronic ulcers. The 
lesion requires active treatment, and we may safely give doses 
of 7 H. to 8 H. every fortnight or three weeks, diminishing the 
quantity gradually as soon as healing has commenced. 

Bacillary Adenitis— Scrofuloderma. 

Grouveriy Anyiistam^ and Zeisler have obtained as good results in 
the treatment of scrofulous lesions as in cases of lupus. 

Iwar Bagge has cured a case of tuberculous ulceration by this 
method, and F, B. Bishop has obtained some remarkable results, 
especially in cases of suppurative adenitis. His cases are published 
in the Report of the Congress of the American Ele^rothera- 
peutic Association of 19052. 
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Williams speaks favourably of the treatment, and Beresford 
Childs reports a case of tuberculous ulceration of the neck which 
disappeared under the treatment. 

Briggs has had similar results. 

Frank Vale obtained by this means the diminution of an 
adenitis which a microscopical examination showed to be of 
bacillary origin. The tumour was reduced to half its size, and 
the general health and strength of the patient was greatly 
improved. 

The irradiations were repeated twice a week, with a duration of 
fifteen to twenty minutes on each occasion. 

In our hands the results were not so satisfactory in a case of 
tuberculide of a papulo-necrotic character, which simulated lupus. 
At the beginning of the treatment there was some improvement, 
but this did not continue. 

Bacillary Osteitis^ Arthritis, and Tubercular 

MIieutnatisTH^ 

Radiotherapy has furnished good results in the treatment of 
bacillary osteitis (spina- ventosa). Beclere treated by this method 
a finger attacked with tubercle of the bone, with fistulous open- 
ings. The cure was complete. The patient was subsequently 
shown to the Surgical Society. 

Rays of considerable penetration should be used, with doses 
varying from 4 H. to 5 H., repeated once a week. The lesion 
may be advantageously attacked on all sides. 

Reboid communicated to the Congress at Grenoble a case of 
tuberculous rheumatism cured by the X-ravs. 

Under the influence of the rays the pain was rapidly relieved. 
This was followed by a diminution of the oedema, and the thicken- 
ing and stiffness of the wrist, hand, and fingers. The treatment 
began in January, in the beginning of February the patient 
could move his fingers and wrist, and he resumed his work in 
March. 

Sokoloff has also obtained good results in cases of acute 
rheumatism. 

Tuberculous Warts. 

UUmann asserts that the results of radiotherapy in this affection 
are better than those obtained in the treatment of lupus vulgaris. 



440 RADIOTHERAPY IN SKIN DISEASE 

Campbell reports several cases of cure, and Zeissler has treated 
three cases affected with this disease with good results. 

Pulnio^iary Tuberculosis. 

Rendu and Dti Cartel observed a considerable improvement from 
the X-rays in the case of a young man suspected of tuberculosis. 
As a result of their observation a number of investigations were 
made by many experimenters in different countries. 

The amelioration obtained was in most cases only of a tem- 
porary character, and was probably due to the effects of sugges- 
tion, to which tuberculous patients are unusually susceptible. 

The radiodermatitis following iiTadiation may in some instances 
have acted as a vesicant, and caused some improvement by its 
revulsive action. 

At the present time the treatment has fallen into disuse, as the 
results were absolutely negative. 

Congenital Ichthyosis. 

Skinner has published some observations of a case of ichthyosis, 
in which one hand was treated by the inunction of ointment and 
the other by the Roentgen rays. 

The latter was rapidly improved, the skin becoming soft and 
smooth, whereas the former was in no way altered. Unfortu- 
nately, dermatologists are not agreed as to the nature of the affection 
to which the name of congenital ichthyosis has been given. We 
cannot be sure of the exact nature of the case reported by Skinner, 

Elephantiasis. 

Sorel and Soret have cured a case of elephantiasis of the hand 
accompanied with general disturbance of the nervous system. 

The case is reported in La Normandie Medicale of March, 1898, 
and more in detail in a thesis by Sorely published in 1903, and 
illustrated by photographs. 

The cure was accidental, and resulted from repeated radio- 
graphic exposures, made with a view of studying the condition of 
the osseous system in this disease. 

This observation, although quoted by many authorities, is far 
from being conclusive. 
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Petnphigtis Foliaceus. 

SchoUz has treated by this process a case of pemphigus foiiaceus. 
The wide extent of the malady renders radiotherapeutic treatment 
most difficult of application. 

JBft inoscleroma. 

In 1902 Dr, Gottstein reported a case of rhinoscleroma which 
had been greatly improved by radiotherapeutic treatment. The 
patient was shown to the Silesian Society of Oto-rhino-laryn- 
gologists. 

Fittlg has also obtained good results in this affection. 

Mhinophyni a. 

Strebell reports the cure of a patient affected with this disease. 
We had the opportunity of treating a case of rhinophyma of two 
months' duration in consultation with Dr, Beclere at St. Antoine. 

The nose was of great size, club-shaped, and of a reddish -violet 
hue, the colour extending over the cheeks. 

Rays of feeble penetration — No. 5 — were used. 

The case was irradiated twice in the course of a week, with a 
dose of 3 H. on each occasion. Reaction occurred in about ten 
days. The nose became of a mulberry-red colour, but appeared to 
be softer. After the reaction had subsided, two further irradia- 
tions were given at intervals of a week. At this time the nose 
had not greatly diminished in volume, but it was softer, and the 
colour was not so deep. The patient left the hospital, and we lost 
sight of him. 

The case is incomplete, but there is some evidence that this 
disease is favourably influenced by the rays. 

IIyperhidt*08is. 

The well-known atrophic influence of the X-rays on the glands 
seems to be an indication for their use in cases of h yperhidrosis. 

In 1903 Pusey drew attention to a case of hyper hi drosis of the 
axilla?, in which great improvement followed treatment by X-rays. 
His were the fii'st observations published on the subject. 
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Engmann considers it necessary to produce erythema and even 
alopecia in the treatment of hyperhidrosis of the axillae. By this 
means he obtained good results, and the improvement continued 
for many months. 

In January, 1904, i?i/Wr/ey reported three successful cases. These 
are in perfect accord with the physiological results of irradiation, 
and we consider that it is a useful mode of treatment in this 
affection, although one which will rarely be required. 

The dose should not exceed 4 H. for each application. The 
irradiation should be given with great caution, as the articular 
folds are very sensitive to the action of the rays. 



Exophthalmic Goitre. 

WilUamJi cites a case of exophthalmic goitre greatly ameliorated 
by radiotherapy. The thyroid body diminished in volume, and 
the general health was improved. The following were the measure- 
ments of the thyroid : 

Right lobe ... 2 centimetres by 4 centimetres. 
Left lobe ... 5 centimetres by 8 centimetres. 
After five applications, these dimensions were reduced to : 
Right lobe ... 1 J centimetres by 2 centimetres. 
Left lobe ... 3 J centimetres by 4 centimetres. 
These results are very encouraging. 



Hydatid Cyst of the Liver. 

Diaz de la Quintana reported the cure of a hydatid cyst of the 
liver by means of the X-rays. 

He gave forty -seven seances, each of ten minutes'* duration, 
at intervals of a week. 



UteHne Myoma. 



Deutsch of Munich reports considerable diminution in the size of 
inignant 
abdomen. 



benignant tumours of the uterus as a result of irradiation of the 
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PageVs lyisease. 

Meek reports a case of cure of this siffection. Other observers 
have not been so successful. Stelwagmi failed in the cure of a 
patient suffering with this disease in the eczematous stage. 

Bisserie has kindly furnished us with notes of a case of Pagers 
disease in the ulcerative stage, in which the whole nipple was 
involved. Ten applications were made, in groups of two, at 
intervals of a fortnight. A dose of 8 H. was given in each series, 
and this was diminished to 6 H. towards the end of the treatment. 
After the fourth application the case began to improve, and the 
improvement continued steadily. The cure was completed by the 
end of November, and up to the month of March there had been 
no recurrence. 

A case under our care was treated by a dose of 4 H. or 5 H. 
repeated once a fortnight. No violent reaction resulted, and the 
case was ultimately completely cured. 



Syphilis. 

It is usually asserted that syphilis lesions are refractory to the 
X-rays. Some authorities even declare that they aggravate the 
disease. Recent observations, however, seem to show that this 
idea is exaggerated. Morton reports the case of a patient suffering 
from a tertiary lesion which was incurable by ordinary means, but 
which improved slowly but steadily under radiotherapeutic treat- 
ment. 

It would seem that syphilitic lesions are less readily influenced 
by the rays than non-specific affections of a similar character. 



Epilepsy. 

Acting on the idea that X-rays exercise a stimulating €u^ion on 
organic metabolism, Branth tried radiotherapy in the treatment 
of epilepsy, employing irradiations of five minutes^ duration at a 
distance of 16 inches. 

In every instance there was a diminution in the violence of the 
crises, and of the prostration which succeeded them. 

At the Congress of Grenoble Leduc read a paper on this subject. 
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